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gilde RoW. ores, 


$ heaven has agel your Rovas ö 
X 1 vnnbss with ſuch love of i in- 
genious and uſeful arts, that you. not 


only ſtüchy t 7 theit't : x ry, but have often 


condeſcended to honour the profeſſors. 
of mechanical and ex perimental philo- 
ſophy with your preſence and particular 
favour; I am thereby encouraged to 
hay, nk and the following work at 
vos. anda >. your 
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£x criiox Bacon, natural philoſopby bath been | 
more and more cultivated in England. Tu ar 

great genius firſt fot out with taking a gentral ſurvey. 

of all the natural ſciences, dividing them into diftint 
branches, which be enumerated wit great ai 
be enquired ſtrupulouſly into the degree of knowledge = 
already attained to in each, and drew. up 4 lift of 
what ill remained to be We w the 
ſeope bf bur firſt undertaking, 
his views much farther, and fbewed the neceſſity of an 
experimental philoſaphy, a thing neuer before tough 
of. As he was a prof mm to ſyſtems, be con- 
Adered philoſophy no otherwiſe t bas at that'\part of 


Þappier':* he: foems" bd" Hr ih 10 the knowledge of = 
things uſeful, rerommending above all the ftady na- 
Pure, and ſbewing that no progreſs can he made: there- 
in, but by colleing' fatts, and comparing experiments, 
rn . Arete en ap . 
Bur netwithfanding- bs wee: at a bhne abt 
| Pcs exaBtly marked out, the old notions of the ſchools 
ſe ftrongly poſſeſſed peoph's minds at that time," as net | 
to be eradicated by any new ofiinions, buw rationally | 
| Jorver advanced, until the iliuſtrious My. BovLx, 
the firſt-who purſued Lond Bacon's plan, bagan to 
8 in ph 4 wind” of Adu qual | 


knowledge which contributes to male men better and 


nA 


b eee, , plilaſeplyidegan (i be lb 
reigning. dale of the age, and confiinues "Ja to 1 
ay. 


1 


be immortal S1 IS aac Wc inited, Men 


in bis-eorly years, that it 1045: bixb time to baniſo 


pw, and ta bring that: ſcience under an en re ſub- 


called it the experimental philoſophy, ſ 4s to ex- 
preſs fignificanthy the difference between it and the num-. 


of. inventive btains: the: one: fub/eti 
the ſpirit: of 10 
1 the nature of things remains unchanged. + 

_ The method tra hing and laying the. — 


rr exbi public courſes of experiments, 


1 longer than 


war firſt undertaktn in ibis kingdom, I believe, by 
Dr. _ — — fince improved and enlarged 


by * | Fa. DESAGULAERS, | * Mr. 
Ne Ar. 9 Mr. Wnirzsipz, and 
Dr. Bx AbI EY our 


F  Aftronomy, Nr bas the. ſame. been 
other countries : Dr. Iauns, and Dre. David Gaz; 


wague confeuras and hypotheſes frum nat u philo- 
 jeftion: to experiments and geometry. He frequently 


Berleſi ſyſtems which had arijen.merely.dutrof the cunceits 
lly laſts; de other neuer Hels ; 


preſent Reging and Saviljan profe for 7 


cory; Sir RoBERKT STEWART, and after bim My, 


Maciaukiv, in Scotland z De: Heusham. in Fre- 
land, Maſieuru „GRAVrsA NDH and Muscnhzx- 
BROEK in Holland, and the ABR“ „ Neuzar in 
Fance, have. acquired juſt applauſe. thereby. . An 

The ſubſtance of my own' attempts in this. way 


of inſtrumental inſtruction, the following | ſheets ſ eu 
cluſive of the aſtronomical part) will ſhew-: the ſa- 
 tiefattion they due e given, read as leflures 
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to different audiences, affords' me Jome hope char 
may be fa ourablyrechived. in ehe ſafe 
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T ought\to obſervr,. that e n be 


tpres cannot be property ſuid u conrern experiment f 
Pbilbſopty, I conſired vvturbef "that ubey werf 7 
of Jo different. a claſs, bur that thay might; | 
me th "4 'br 5 th "the: rand woo 
aba 3 ee 5p 
had in view-at firſt ſetting 1 N | 
ſuperfiui ty,” and to nere Ver every thing as Net a 66 | 
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8 the deſi vn ofthe K en of ils WF4 
to explain and demonſtrate thoſe aus by 
4 which the material univerſe. i governed, 
regulated, and continued; and by Which the va- 
rious appearances in nature are accou nted for; it 
is requiſite | to begin with ! the © rapes 
of matter. W 


By the "A matter; is here meant every thing Mar 9 
chat has length, breadth, and thickneſs, and: reſiſts 
the touch. 


"The inherent prope 
inaQtvity, mobility, and diviſibility. ry. 


The ſolidity : of matter atiſes from its having Solidity. 


length, breadth, thickneſs, and being impenetra- 
ble. Hence it is that all bodies are comprehended 
under ſome ſhape or other, and that every parti - 
cular body binden all others from occupying the 
fame' part of ſpace which it poſſeſſeth. Thus, if 
a piece of wood or metal be ſqueez'd ever ſo hard 
| between. two plates, of cannot be brought into 


contact. 


* 


| of matter axe fol Ly, To propre 


N | 3 TInaltivity, | 


tinüe in the ſtate that it is ig, whether of reſt or 


Of 4 ada matter. 
contact. And even water or air has this property; 1 0 
for if a ſmall quantity of it be fixed between any FD 
other bodies, they cannot be brought to touch one . 


angther. a 
A ſecond property bf matter is tnaivity, or WY 
paſ veneſs by which it always endeavours to con- (ob 


mötiofl. AKd* therefore” if one body confift of | 
twice or thrice as much. matter as another body, 
it will have twice or thrice as much inactivity; 
that i is, it wilt | require twice or thrice as much force 
to give it an equal. degree of motion, or to ſtop it 


er it halli been put into Tuch a motion. 8 
That | matter ran never 1 ſelf into motion | is 


E 


6 Pork root that 195 nor 608 any one 
imagine it ever can. Eut moſt people are apt to 
believe that all matter has a propend ty to fall from 
a ſtate of thdtion i into a {tate of reſt ; becauſe they 
f that if a ſtone or a Calo bal be put into ever 
ſo violent a motion, it ſoon ſtops ; not conſidering 
"that his ſtoppage "is caüſed x, by the gravity or 
he ht of the day Which Inks it to the 80558 
N of che impulſe; and 2. by the reſiſtance 
e air through Which it moves, and by which 
"a velocity 1 5s retarded every moment till it Falls, þ 5 
A bowl moves but a ſhort way upon 2 bowling⸗ ö 
green; "becauſe the roughtiefs ard une venneſs of 8 
the 100 . 1 A oon creates Friction enough to 4 
5 U 
t 


& if cle green were Perfectly level, and 


ce With plied glaſs, and the bow! perfect | 


% 
bs -* 


PIGIE EC 3.20% f 
ty " PR hard, 


. of NY properties of matter. : - $ 


Rard, round, and fmooth, it would go a great way 
further; as it would have nothing but the air to 
reſiſttit : if then the air were taken away, the bowl 
would 80 0 on without any friction, and conſequently 
without any diminution of the velocity it 2 at 
ſetting out! 2 3 therefore, if the Bren were e 


n 


on for ever. F | 
If the bowl were Katie ſeveral miles above the 
earth, and there j rojected in a horizontal direction, 
with ſach'a velocity as would make it move more 
than a ſemidiameter of the earth, in the time « 
would take to fall to the earth by gravity; in that 
caſe, and if there were no reſiſting medium in the | 
way, the bowl would not fall to the earth at all; 
but would continue to circulate round it, keeping 
always i in the ſame tract, and returning to the ſame 
point from which it was projected, with the ſame 
velocity as at firſt. In this manner the moon 
moves rad the earth, although ſhe be as unaCtive 
and dead as any. ſtone upon it. 
The third p property of matter is Mobility; "Rites Mobility: 
find that all matter is capable of being moved, if 
a ſufficient degree of force be applied t to overcome 
its reſiſtance. eee c 
The fourth prope rty & matter is dil, NW 
which there can be no end. For, ſince matter cin 
never be annihilated by cutting or breaking, we we 
can never imagine it to be cut into ſuch ſmall j par- 
ticles, but that if one of them be laid on a table, the 
uppermoſt ſide of it will be further from the table 
chan the undermoſt ſide. Moreover it would be a 
B 2 


AM 


* 
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55 


o the properties of notte. 


to ſay that the greateſt mountain on earth has more 
halves, quarters, or tenth parts, chan the ſmalleft 


1 of matter has. 
We have many ſurpriſing 3 * the ſmall- 


| 5 50 to which matter can be divided by art: of 


6 e the two following are very remarkable. 
1. If a pound of ſilver be fuſed with a fingle 
Sunn of gold, the gold will be equally diffuſed 


through the whole ſilver, ſo that taking one grain 


from of the maſs (in which there can be 


no m than the 5760th part of a grain of gold) 


and diſſolving it in aquafortis, that e of gold 
will fall to the bottom. 
2. The gold-beaters can extend a grain of gold 


into 5 a leaf containing 50 ſquare inches; and this 


leaf may be divided into 500000 parts. For an 
inch in length can be divided into 100 parts, every 
one of which will be viſible to the naked eye: con- 
ſequently a ſquare inch can be divided i into 10000 
parts, and go ſquare inches into 500000, And if 


one of theſe parts be viewed with a microſcope that 
magnifies the diameter of an object only 10 times, 
it will magnify the area 100 times; and then the | 


100th part of a goooooth part of a grain (that is 


the 50 millionth part) will be viſible. Such leaves 
are commonly uſed in gilding ; and they are fo | 


very, thin, that if 124500 of them were laid upon 


one another, and preſſed together, they would not 
| exceed one inch in thickneſs. | 


Yet all this is nothing in compariſon of the 
lengths that nature goes in the diviſion of matter. 
For Mr. Leewenboet tells us, that there are more 
. | 5 animals 
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e Of the Ro „ 
| WH nimals in the milt of a ſingle cod-fiſh, than there 
me men upon the whole N and that, by « com. 
WH ping theſe animals in a mieroſcope with grains f 
common ſand, it appeared that one dag gr grain is 
bigger than four millions of them. Now, each 
animal muſt have a heart, arteries, veins, muſcles, 
| and nerves, otherwiſe they could neither live nor 
move. How inconceivably ſmall then muſt the 
particles of their blood be, to circulate through 
the ſmalleſt ramifications and joinings of their ar- 
tefies and veins? It has been found by calculation, 
| that a particle of their blood muſt be as much 
ſmaller than a globe of the tenth part of an inch 
in diameter, as that globe is ſmaller than'the whole 
earth! and yet, if theſe particles be compared with 
the particles of light, they will be found to exceed . 
them as much in bulk as ds n ſingle grains 
of ſand, For, the force of any body ſtriking 
againſt an obſtacle is directly 1 in proportion to its 
quantity of matter multiplied into its velocity: and 
fince the velocity of the particles of light is demon- 
ſtrated to be at leaſt a million of times greater than 
the velocity of a cannon- ball, it is plain, that if a 
million of theſe particles were as big as a ſingle 
grain of ſand, we durſt no more open our eyes to 
the light, than we durſt expoſe them to 1 ſhot 
point- blank from a cannon. 
That matter is infinitely diillle i in a e plate L | 
matical ſenſe, is eaſy to be demonſtrated. For, Vis 
let 4B be the length of a particle to be divided; - | 
and let it be touched at oppoſite ends by the pa- 
_ lines CD and EF, which, ſuppoſe to be in- 
B 3 op TO 


z& — ws ww ——— — 
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* | | N q 
5 N nr 
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ä af 
The in- finitely extended beyond D 157 — Set off the 


7 ED equal; divifiotis BG; GH, Hl, &e. an, the line 


watter pro- E Tz. towards the right hand from B; and take a 
A TRL point as at R, any where towards the left. hand from 
4, in the line CD: Then, from this point, ,draw 
tte right lines RG, RH, RI &c. each of which 
will cut off a part from the partiele IB. But af- 

ter any finite number of ſuch lines are drawn, there 

will ſtill remain a part as AP at the top of the 
particle, Which can never be cut off; becauſe the 
lines DR and. EF being raraticl, 1 no line can ever 

be drawn from the point N to any point of the line 


- fore the particle AB contains more than any finite 
number of parts. 


ſeems rather to be infuſed than inherent. Of this 
there are four kinds, viz. cobe/7 fon, gravitatien, 
muagneliſm, and electricivp. 

Coheſion, The attrafion of cobefi on is that hes which the 
{mall parts of matter are made to ſtick. and cohere 
"— 5 Of this we Save: hrs. kinga ſome 
FR! If. A ſmall gal bas. _ at both nds. be 
dipt in water, the water will riſe up in the tube to 
a conſiderable height a above its level in the baſon: 

which -muſt be owing to the attraction of a ring 
of particles of tlie [glaſs all around the tube, im- 


mediatc h above thoſe to Which the water at any 


AX 


inſtant riſes. And when it has riſen ſo high that 
the weiglit oß the column balances, the attraction 


4 the tube, it riſex dio: Highone.. | This can be no 


LP 3 LEG I | XR F | Ways 


Is E that will coincide with the line RD. There- 


Attraction. A fifth property of matter is ; attrafion,. which 


0 > 60 =o. 
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wed. 


FED * 7 q — — my 


es, 


ĩt is full of air abqye the water, which will preſs as 


and a . 


OF the pro 


ways owing to the eure of 5 upon OY | 


ter in the baſon ; or, as\ the tube is Open at'tg 


much ypon the water in che tube a8 the hon 


air does upon any column of a an equal diameterin the 


baſon. Beſides, if the ſame experiment be made 
in the exhauſted receiver of an a eee chere 
will be found no difference. 
2. A piece of Joaf ſugar will draw up a fluid, | 
45 ge will ſuck in water: and on e bares 
principle ſap aſcends in trees. er 


3. If two drops of quickſilver be Parent near 


each other, they will run e eee N e he 
large drop. 


4. If two pieces of lead be ſcraped lids and | 

preſſed together with a twiſt, they will attract eck 
other ſo ſtrongly as to require a force much greater 
than their own weight to ſeparate them. And this 


cannot be owing to the preſſure of the air, for the 
fame thing will hold in an exhauſted receiver. 


5. If two poliſhed plates of marble or braſs : 


be put together, with a little oil between them to 


fill up the pores in their ſurfaces,” and prevent the 
lodgment of any air 1 they will cohere ſo ſtrongly, 


even if ſuſpended in an exhauſted: receiver, that 


the weight of the lower plate will not be able to 


: bene it from the upper one. In putting theſe 
'P 
other, as a JUner does. tro We of wood Wen he 


ates together, the one ſhould be rubbed upon the 


Shoes them. , S, 11, 1908 Dj Po 
6. If two pieces of MS ual in . * 
put near each other in a baſon of water, they will 
9 . move 
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Repulſion. 


hard ſubſtance be broke into ſmall parts, they can- 
not be made to ſtick together again without being 
firſt wetted: the Fpufee belag to too Kagan to Abit 
of. a, rerunion. 6 7631 we 2 | 
| and 6 is PU 


Of ite „ ee e 


Der faſt. toward each other with an acce- 


lerated motion, until they meet: And then, if ei- 
ther of them be moved, it will dran tlie other 


velocities inverſely proportionate to their weights: 
that is, the lighter cork: will move as much faſter 
chan the heavier, as the heavier exceeds the lighter 
in weight. This ſhews that the attraction of each 


cork is in direct eden, to its weight: or 16785 : 


tity of matter. 
his king, 
mall. diſtance; 


K 1120 — 


ot Attraction ben but. to.a very 
or, if wo drops of quickſilver be 


rolled in duſt, they will nat run together, becauſe 


the particles of- duft keeps them out. out the owe 
of each other” s attractiou. 
Where the ſphere of ib dton 1 a nn 


force begins; thus, water repels moſt bodies till 


they are wet; and hence it is that a ſmall needle, 


if dry, ſwims upon water; and Nr War it 
wb wetting their feet. 
_ ,. The repelling force of the hs 26 a vid i is 


but ſmall; and therefore, if a fluid be divided, it 
eaſily unites again. But if glaſs; or any other 


WG: "he tepelling farts: baton water 


great, that we find it almoſt impoſſible to mix them 


N 2 che e ee, NW vg A: /ball:of 12 8 
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off it. If two corks of vnequal weights be placed 
Bear gach ther, they will approach with accelerated 


R 


Jo Gbr in dil, and 1 Wen put Int! wake 


water will recede ſo as to form 4 channel of forme 


1 all around the bak W. F 
+ The reputfive ſoree of the partieles of air is 10 
great; that they can never be brought ſo near to!“ 
gether by cundenſation as te make Mum ſtick r 
cohere. | Hence it is, that when the weiglit of the 
incumbent atmoſphere is taken uff from any ſmall 
quantity of air, that quaritity will diffuſe It nN 
as to occupy (in compariſon) an infinitely—greatt 
portion of ſpace than it did before, 
- Attrattow of gravitation'is that over t | 
diſtant bodies tend towards one another. 
we have daily inſtances in the falling of bodies to 
the earth. By ehis power in the earth it is, that 
bodies, on whatever ſide, fall in lines p perpendicular 
to its ſurface ; and conſequently, on 2 ſides, 
they fall in oppoſite directions; all towards the 
center, where the force of gravity 'is as it'were 40. 
cumulated: and by this power it Is," that bodies on 
the earth's ſurface are kept to it on all ſides, ſo 


that they cannot fall from it. And us it acts upon. 
| all bodies in proportion to their feſpective quanti- 


ties of matter, without any regard to wel bulls 
or figures, en coriſtitutes their weight. 


Hence, GOATIW 169% V7 Thom: v2 371 "SORT $0 JON 
"If ew bodies wlürh ebetiät equa quantities OE. 
matter, were placed at ever ſo great a diſtance from” 
one andthe; and then left at Hberty in fires ſpabe, 
if there were 16 bther bodies in the univerſe to | 
affect them they Would fall equally ſwift towards - 
| one ie by the power of gravity, with velo- 
cities 


11 af ebene U e 
= . ities accelerated as they approached each other; 3 
and would meet in 3 point which was half way be- 
| tween them at firſt. Or, if two bodies a 
equal quantities of matter, were placed at any 
| diſtance, and left in the ſame manner at liberty, 
they would fall towards one another with velocities 
which would be in an inverſe proportion to their 
reſpective q vantities of matter; and moving faſter 
ad fafter in their mutual approach, would at laſt 
meet in 4 point as much nearer to the place from 
which the heavier body began to fall, than to the 
Place from which the lighter body began to fall, 
- as the quantity of matter in the former exceeded 
% that in the latter. 
All bodies that we know of have pay or 
weight, F. or, that there is no ſuch thing as poſitive 
0 even in ſmoke, vapours, and fumes, is de- 
ſtrable by experiments on the air-pump ; which 
ſhews, that although the ſmoke of 4 candle aſ- 
cends to the top of a tall receiver when full of air, 
pet, upon the air's being exhauſted out of tlie re- 
| ceiver the ſmoke falls down to the bottom of it. 
So, if a piece af wood be immerſed in a jar of 
water, the wood will riſe to the top of the water, 
becauſe it has a leſs degree of weight than its bulk 
of water has: but if the jar be emptied of water, 
the wood falls to the bottom, © | 


Gravity de- 


monſtrated As every particle of matter has its proper gra- 45 
to be as the Vity, the effect of the whole muſt be in proportion in 
5 wh, to the number of attracting particles; that is, as pi 
doches. the quantity of matter in the whole body. This as 
"M Hebe bulkrabke by experiments on pendulums ; in 


6 for, 


uith the ſame degree of ſwiftneſs that a bullet of 


that the power or force of gravity is always pro: 


of the n of matter. 
for, if they are of equal lengths, whatever heir 1 
weights be, they vibrate in equal times. No it 


is plain, that if one be double or triple the weight 


of another, it muſt require a double or triple power 
of gravity to make it move with the ſame celerity;; 
uſt as it would require a double or triple force to | 

pegject a bullet of twenty or thirty 


WW 


ten pounds would require. Hence, it is evider 


portional to the quantity of er in 
whatever their bulks or figures are., n 0813 
Gravity alſo, like all other virtues or . emana- It decreaſes 
tions which proceed or iſſue from a center, de- 45 4 
creaſes as the diſtance.multiplied by itſelf. increaſes. e 
That is, a body at twice the diſtance of another 
attracts with only a fourth part of the force; at 


thrice the diſtance, with a ninth part; at four 


times the diſtance, with a ſixteenth part; and, fo 
on. This too is confirmed by comparing the diſ- 
tance which the moon falls in a minute, from a 
right line touching her orbit, with the diſtance 
through which heavy bodies near the earth fall in 
that time, And alſo by comparing the forces which 
retain Jupiter's moons in their orbits, with their 
reſpective diſtances from Jupiter. Theſe forces will 
be explained in the next lecture. 


The velocity which bodies near the earth acquire © _ 


in deſcending freely by the force of gravity, 


proportional to the times of their deſcent. va _ 
as the power of gravity does not conſiſt i in a ſingle | 
impulſe, hut! is en operating in a conſtant and 
10 | uniform 


— ——— —„- 
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gniform, manner, it myſt produce. equal e, effects in 
equal times; and conſequently in a double or tri 


ple time, a ae le. 1 655 le a” „And o,. by 
 afting, uniform! y 00 151 6000 'muſt accelerate its 
Yt 


mand, pro porriona 
Ba To be a little more particular « on this ſubject, let 


us. ſuppoſe. that a body begins! to move with a ce- 


lexity conſtantly. and gradually increaling, in ſuch 


2 mager, as as would carry it through a mile in a 


minute; at the end of this ſpace it will have ac- 


Auired ſuch a degree of celerity as is ſufficient to 5 


1444 11. 4 * 


carry it two miles the next minute, though i it ſhould 
— they, receive. no new impulſe from the cauſe by 
Which its motion had been accelerated: but if the 


ſame accelerating « cauſe continues, it will carry the 


body a mile farther.; on which account, it will 
have run through four miles at the end of two 
minutes; and then, it will have acquired ſuch a 


degree of celerity as is ſufficient to carry it through 


a double ſpace” in as much more time; or eight 
miles" in two minutes, even though the accelerating 
force ſhould ; act upon it no more, But this force 


218 


ſtill continuing to operate in an uniform manner, 


- will 15 0 in an equal time produce an equal effect; 
t ſo, by carrying it a mile further, cauſe it to 
move through five miles the third minute; for, the 


wp Kale already acquired, and the celerity ſtill ac- 


- quiring, will each have its compleat effect. Hence 
we learn, that if the body ſhould move one mile 
the firſt minute, it would move three the ſecond, 
five the third, ſeyen che fourth, nine the fifth, 


and, ſo on in proportion. VVV 
1 xc! 0 


0 the time of its deſcent. 
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een parts of time; , by an unif6ttaly"46. : 


numbers Melde the ſquares of all numbers from 


and the ſquare of | 1 is 1 3 "is the ecdHitf "oa 
number, and. this added to 1 makes 4, the ſquare 


In 3 minutes 14 35 = 9 = ſquare; of, 30 8 


* 


\ 


2 8 — 


N 1 
g PREY Of ths pag EY * 
And thus It + appears, 10 the ſpaces defcribed- rn 


os tc 42s 


celerated. n Oe ins are always” as The odd nu mbers 
1, 3,5% 9» &c. and conſequently, "the whole 1p | 
ces are as th the ſquares of the times, or as che vel 

cities. For, the continued addition of the odd 


unity ypward.. _ Thus, 1 Is: che firſt odd number, 


of 23 518 the, third odd number, which" added to 
4 makes 97 the 195 are are of 3; and ſo on for ever. 
Since therefore, times and velbcities proceed 
evenly and conſtantly as 1, 2, 3. 4, &c. but the 
ſpaces deſcribed in, each equal time ate as 15 F 5 


7, &c. it Is evident that the Lack deſcribed 


In one Winde will be w eee 5 
In 2 minutes of tt ; * 185 4'= ſquare of 22 | 


In 4 minutes 1. 3 + 5 +7 =#6 = ſquare — AG 
4 B. The hari . eib e a and = Guat” | 


1 770 bodies! are unlformly A accelerated by che The de- 
power of” x avity in their deſcent, it is. plain that — 5 
they fig e uniformly retarded by the ſame power vill —＋ 
in t aſcen if. Ties, the velocity Which: a . 11 
body e falling, is ſufficient to carry it up t. 
again 70 the 25 height from wherce it fell! Al- 
lowance being made 12 che reliſtance of the air, 
or other Ho ret which the body is mo 92d. 
Thus, the body D in rolling down the inclidiel Fig. 2. 
obs b plane 


— 


lte Das of me. 
plane /4 B will acquire oh a velocity by the time 


it arrives at B, as will carry i t up the Inelined ane 


BC, almoſt to C; and would carry it quite up to 


C, if the body and plane were perfectly ſmooth, 


and the air gave no reſiſtance. —So, if a Pendulum 
were put into motion in a ſpace quite void of air, 
and all other refiſtance, and had no friction on the 
point of ſuſpenſion, it would move for ever: for 


the velocity it had acquired in falling through the 


deſcending part of the arc, would be ſtill ſufficient 
to carry 1 it equally high inthe aſcending. 3 


The center The center of gravity is that point of a body. in 


"WT gravy which the whiole force of its gravity or weight 13 


united. Whatever ſupports that point bears the 
weight 'of the whole body: and Whilſt it is ſup- 
ported, the body cannot Tan; becauſe all its parts 
are in a perfect equilibrium about that point. 

An imaginary line drawn from the center of 
gravity of any body to the center of the earth, is 


And line of called the line of diretiun. In this line all heavy 


directi 


bodies deſcend, if not obſtructed. 

Since the whole weight of a body is united in its 
center of gravity, as that center aſcends or deſcends 
we muſt look upon the whole body to do ſo too. 
But as it is contrary to the nature of heavy bodies 


to aſcend of their own accord, or not to deſcend 


when they are permitted ; we may be ſure that, 
unleſs the center of gravity be ſupported, the whole 
body will tumble or fall. Hence it is, that bodies 
Ring” upon their baſes when the line of direction 
falls within the baſe; for in this caſe the body can- 


; not t be mie to tumble or fall without firſt raiſing 


7 kad the : 


. hh Properties of. PIR) | ' 
the center of gravity higher than, it Was before. 5 
; Thus, the inclining body ABCD, whoſe center rig. 4. 
5 of gravity is E, ſtands Auunty on itz baſe c DI. 
- I becauſe. the line of direction E F falls within the 
2 W baſe. But if a weight as ABGZ be laid upon 
. I the top of the body, the center of gravity of the. 
*. WM whole body: and weight together i is raiſed up to 7; 
and then, as the line wa! direction 1D. falls without 
4 the baſe at D, the center of gravity I is not ſups, 
ported; and; the whole body, and "PS: Da, 
5 | down rogether, Puig | 
N Hence appears the abſurdity 1 people? 8 1 ET, 
: i haſtily in a coach or boat when it is likely to ver- 
Fi ſet : for, by that means they raiſe the center of gra: 
vity fo far as to endanger. throwing it quite out pf, | 
I the baſe ; which if they do, they overſet the ve - 
hicle effectually. Whereas, had they clapt down 
of to the bottom, ay would have brought the line of 
direction, and conſequently the center of gravity, 
farther within the baſe, and by that means mich 
have ſaved themſelves. Fn Bk 
* The broader the baſe i is, and the R e line 
8 of direction is to the middle or center of it, the 
more oy does He body ſtand, On the Fon⸗ A 


„ 


4 may LB Nt Ye overthrown : a es 2 . 
5 bofftion being ſufficient to remove the line of di- 


rection out of the baſe i in the latter caſe than in the | 
former. And hence it is, that a ſphere is ſo eaſix 5 
rolled upon a horizontal plane; and that it is fo. 5 
e if not impofible, to make things which 
. are 


Of the þ Mert es of matter. 
are ſharp pointed to ſtand upright on the point. — 


From what hath been ſaid, it clearly appears that 
if the plane be inclined on which the heavy body, 


is placed, the body will flide down upon the pl plane 
whilſt the line of direction falls within the baſe; 
but it will tumble or roll down when that line falls 
without the baſe. Thus, the body A will only flide 
down the inclined plane CD, whilſt the body B 
rolls down upon it. 

When the line of direction falls within the baſe 


| of our feet, we ſtand ; and moſt firmly when it is 


in the middle: but when it is out of that baſe; we 


e tumble or fall. And it is not only 
pleaſing, but even ſurpriſing, to reflect upon the 
various and unthought of methods and poſtures 


which we uſe to retain this poſition, or to recover 
it when it is loſt. For this purpoſe we bend our 
body forward when we riſe from a chair, or when 
we go up ſtairs : and for this purpoſe a man leans 


forward when he carries a burden on his back, and 
| backward when he carries it on his breaſt; and to 
the right or left ſide as he carries it on the oppo- 


fite ſide. A thouſand more inſtances might be 


| added. „ 
„ quantity of matter in al bodies i is in exatt 
proportion to their weights, bulk for bulk. There- 


fore, heavy bodies are as much more denſe or com- 


pact than light bodies of the ROE bulk, as s they 


exceed them in weight. 


All bodies All bodies are full of pores, or r ſpaces void of 


matter: and in gold, which is the heavieſt of all 
known bodies, there is perhaps a much greater 
quantity 
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bu of pace t an of matter. ty 

i of heat and magnetiſin” find an cal 
gh, 5 Re og old; and eben 1 Al 8 of 
been. BIS hrougt ! 75 Beſides, 4e- 
"er how ally 1 7 hight paſs thiough 
folid a b a b 845 in all Ra 8 diretions, 
: ſhall find wy on to, bis that bodies: are much X 
ore porous th har is g nerally imagined, e 

U e are uche 9950 other Laffektedl The ex- 
at; and all met llic „bodies are '& andeg” Wee of 
th, bread dth, an thicknels thereby. — The 

tion of the, expanſion of felted gens: arg 
ding to the belt expetithents 1 have deen able 
make with. my rometer, N nearly thus. Ian 
d glaſs as. 3. ſteel 4, . coppe pper 4 and one eighth, 
as 5, tin 4 . lead 6 and one eighth. An ſton 

d 3 fear long i iS about one 7oth part of” an inch | 
nger in ſummer 1 than in winter. & 
The pyrometer h here mentioned being (for au Shit The pyre· 
| now) of a, new e / conftruti on, A deferix ptign — Uk | 

I perl 1 5 reeable te the reader. ca 0 
M11 is a flat piece of mahogan „ in Which are p 

il 155 br © f B, ODE. 0 two” Pins, 2 8 

Ne at F and the other at H. On the Pin F turns 

e crooked. index E 1, and upon t the pin H the 

aight index TK, a gain which a piece "i watch- 

ing R. bear 7 and Þ pr effes it towards the 
ginning o of. the ſcale A A. N &f which the poit 
that i Ini ex moves. is ſcale 18 divided ints 
ches and tenth parts of an inch: the firſt ien 
a red, 1666. the ſecon d 2000, and ſo on.” A bar 
metal 19.1 Is laid in to > notches in the” oF "of ths 
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vantity, of {pace t than of matter. or Ds PA ati  - 77 
les. of heat and _r only fin an caly* Fe ; 5 
rough. the pores of gold; and even wat it | 

as been | forced" th tl r ugh. en. eſides, if W : 
older how af ily ther T2 1510 ligh paſs thivugh 8 | 
FF 
6 ſhall find x eaſon to believe that bollies are much 
Wore poro! 1 erally ima gined. wann «fi 
oy ok are e way Sr aller achte bern, e. 8 
Neat; and all metallic bodies ale an, 
ngth, breadth, and thickneſs thereby. — The pre 1 
Portion of the, expanſion of fevird metals, . © | 
erding to "the belt. experitnenits 1 have beth „ 
b make with. my Hrometer, is nearly thus. Ton | 
| d glaſs as. 3. ſteel , copper 4. and one eighth, 3 1 
. 6, tin 6, lead and one eighth. An iron 
dd 3 feet long i: is about one 76th part of an men 
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The pyrometer here mentioned being (for a piers, pyro. 


know) of a new conftrudti on, A deter pion - 4 | 4 
ay perhaps be a recable to the reader.” Fi is 1 
Ad. is a flat | piece of mahogany, in { ek ate rig. ER 
xed four braſs, tuds B. GD, L; and two Pins, 
e at F and the other at H. On the pin F turns 
je crooked index. E 1, and upon t th pin HF the 
night inder 1 K, again inff which a piece ef watch 
ſpring R bears gently, and fo = it towards the 
ginning b pf. the ſcale A IN, ver which the point 
fas | in EX moves. his ſeale is divided inte 
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js motion F as the point is againſt which the b 
bears, it will move 20 times as far as the b 
lengthens. And as this crooked end bears againlf 


from its center of motion F.—Now it is plain, t 


tipiled by 20 produces 400, it is evident that 4 th 
bar lengthens but a 4ooth part of an inch, 


as every inch is divided into xo equal parts, if ti 
bar lengthens but the 1oth part of the 400th pi 
of an inch, which is only the 4oooth part of aff 


* 


inch, the point $ will move the tenth part of 


with a dry woollen cloth till it feels warm; an 


that part of the index E againſt which it bea 
| Juſt as far: but the crooked 5 of the ſame inde; 


\ . l 


Of the properties of matter. 
ſtuds C and D; one end of the bar bearing agai 
the adjuſting ſcrew P, and the other end agai 
the crooked index E at a 20th part of its leng 


however much the bar O lengthens, it will mo 


near H, being 20 times as far from the center 


the index GK at only a 20th part of its who 
length GS from its center of motion H, the poi 
§ will move through 20 times the ſpace that i 
point of bearing near EH does. Hence, as 20 m 


point & will move a whole inch- on the ſcale ; an 


inch, which is very perceptible. _ 

. To find how much a bar lengthens by heat, fi 
lay it cold into the notches of the ſtuds, and tu 
70. adjuſting ſcrew P until the ſpring R brings ui 
point S of the index GK to the beginning of ll 
diviſions of the ſcale at M: then, without alterin 
the ſcrew any farther, take off the bar and rub 


then, laying it on where it was, obſerve how far A 
a the point $ upon che ſcale by means of th 
crooke 


Of the aid of malie 

cooked index E I: and the point $ will chew 7 
ally how much the bar has lengthened by the heat 
0 Tang! As the bar cools, the ſpring R bear- 
ng againſt the index KG, will cauſe its point & to 
ove gradually back towards J ip the ſcale: and 
ven the bar is quite cold, the index will reſt at. 
where it was before che bar was made warm by 
Lubbing, « The indexes have ſmall rollers under 
hem at I and K; which, by turning xound on the 
mooth wood as the indexes move, make their-1 Mor. 
ions the eaſier, by taking off a great part of the 
8:ition, which would otherwiſe be on, the pins 
oi ad H, and of the points of _ indexes, terpſedyes. 
Won the wood. 


3 ſuch as the loadſtone, in which the 
Wooſt remarkable are theſe, 1. it. attracts iron and 
| . only. 2, It conſtantly turns one of its ſides 
ode north and another to the ſouth; when fuf- 
% by a thread chat does not twiſt. 3. Jt com> 
Wnunicates-all irs properties to a piece of ſteel when 
ubbed upon it, without loſing any itſelf. 
According to Pr. Helſbam 's experiments, dbe 
tu uraction of the loadſtone decreaſes | as the 
u auar ere . Thus, if a loads 
i be ſuſpended at. one end of a balance, and 
_ — by weights: at the other; and a flat 
ub piece of iron placed benrath it, at the diſtance. of 
Wu tenths of an inch; the ſtone will immediately 
end and adhere to the iron. But if the ſtone. 
X again removed to the. ſame diſtance, and as 
| 5 4 2 - many 


Beſides the univerſal priperties eee Mages 
here are bodies which have properties peculiar to — 


= . of tek properties of matter. 
many grains be put into the ſcale at the other eniff 
as will exactly counterbalance the attraction, then 
if the iron be brought twice as near the ſtone a 
before, that is, only two tenth parts of an inci 
from it, there muſt be four times as many grain 
put into the ſcale as before, in order to be a juff 
counterbalance to the attractive force, or to hindeſ 
the ſtone from deſcending and adhering to the iron 
So, if four grains will doin the former caſe, then 
mauſt be ſixteen in the latter. But from ſome late 
experiments, made with the greateſt accuracy, i : 
is found that the force of magnetiſm decreaſes u 
a a ratio between the reciprocal of the ſquare and thei 
reciprocal of the cube of the diſtance ; approach-ſſ 
ing to the one or the other, as the magaitudes b 
| the attracting bodies are varied. ; 
2 Several bodies, particularly amber, glaſs, jet 
| fealing- wax, agate, and almoſt all precious ſtones | 
have a peculiar property of attracting and repelling BY 

light bodies when heated by rubbing. This iſ 
called electrical attraftion, in which the chief thing 
to be obſerved are, 1. if a glaſs tube about an ind 
E> and an half in diameter, and two or three fea 
| long, be heated by rubbing, it will alternately a 
tract and repel all light bodies at the diſtance of 1 
or 15 inches, 2, It does not attract by being 
heated without rubbing. 3. Any. light body be 
- Ing once repelled by the tube, will never be at . 
tracted again, till it has touched ſome other bod ; 
4. If the tube be rubbed by a moiſt hand, or an 
thing that is wet, it totally deftroys the electricitiſ 
5 oy; body except . being Ry; * JT 
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ee, 
jg pairs 6 The tube attracts ſt 
bbed over with, | CES: WAXs, and, | ary; . 
vollen cloth. 7. When it is well rubbed, if 2 
enger be brought near, it, at about the diſtance. of 
half an inch, the effſuvia will ſnap againſt the fin- 
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performed in a dark. Plc, tl will, 1 ear 
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continue in the ſtate they are in, whether of reſt or 


impels it any way, it would for ever remain in that 
dart of ſpace, becauſe it could have no tendency of 
ſelf to remove any way from thence. If it re- 
owards B, it will g on in that direction; for, of 
tſelf it could never ſwerve from a right line, nor 
op its courſe.— When it has gone through the 
kan AB, and met with no reſiſtance, its velocity 
ill be the ſame at B as it was at A: and this ve- 


much more ſpace, from B to C; and ſo on for 
wer. Therefore, when we ſee a body in motion, 


We conclude that ſome og ſubſtance muſt have 


* 


Of cent al. 1 55 cen. 8 LES | 7 0 | 


er. and make a little crackling noiſe; and if 8 


E | have already abated: it as 4 ; neceſſary Moti or 


| equally 


/ 


eive a fiogle impulſe any Way, as ſuppoſe from 4 


conſequence ariſing from the deadneſs or indien 
nativity of matter, that all bodies endeavour to q all. bo- 


motion. If the body A were placed in any ro N I. 
of free | ſpace, where nothing either draws or * 


ocity, in as much more time, will carry it thro*- - . oft "I 
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vi 10 thi tabled; Ad Hh * (al bdy fall i 
On übten to Teſt, we conelude chat dome diher 
B boch or cauſe Ropt it ee © tel?» 
| All motion As all motion is Hntdcatly rRtiline at; it appea 
4-2 that à bullet projected by the hand, 'or ther from a 
Cannon, Would Tor ever continue to move in the 
flame difection it received at firſt, if no other pow- 
95 er diverted its courſe. | Therefore, when we foe 4 
body move in a curve of any kind whatever, we 
cCronclude it muſt be : acted upon by two powers at 
. - leaſt; one te put it in motion, and another drap. 
ing it off from the rectilineal courſe it would other. 
Wiõiſe have continued to move in: and whenevet 
.. that power which bent the motion of che body 
From a ſtraight line 1 into a curve, ceaſes to act, the 
3 body will again move on in a ſtraight line touching 
that point of the curve in which it was when thi 
nth by action of that power ceaſed, For example, a peb · 
ble moved round in a fling ever ſo long a time, 8 
will fly off the moment it . ſet at liberty, by p- 
ping one end of the ſing- cord; and will go on in 

2 A line touching the circle it deſeribed pefore: which 
Urne would actually be a ſtraight one; if che earth 
Attraction did not affect the pebble, and bring ii 
| down to the ground. This ſhews that' the naturiſ 
. tendency of the pebble, whken put into motion, q 
do continue moving in à ſtraight Tine, "although yl 


5 dhe force of the fling it be made to revolve in a circle 
Nate The change of motion produced is in proportion 


* 8 forces. to the foree impreſſed: for the effects of nutun 
cauſes are always . 0 00 Force 0 


FO Tues n 
5 ** 9 A : ; * : 5 | 7 
, A : 5 
* | p 3 ; 
„ : 
i 1 * 
. 8 q 


2 . fre, 

18 By theſe laws it is eaſy to prove. that 1 body will 
| deſcribe the diagonal of a ſquare or patallelog gram, 
by two forces conjoined, . in the ſame time that 1 

| DA deſcribe either of the fi des, by one "force 

W ſingly. Thus, ſuppo 

W thip at ſea; and that it is 1 by the wind in 

the ri ght line AB, with ſuch a 7884 as would carry. 

it Th: 9 885 from A to Bin a minute: then, ſup- 
poſe a ſtream or current of water running in the 
direction AD, with ſuch a force as would carry the 

W ſhip througt'a equal ſpace from A to D in a mi- 

nute. By theſe two forces, acting together at ri 

angles to each other, the ſhip will deſcribe the Ta 

AEC in a minute: which line (becauſe the forces 

are equal) will be the diagonal of an exact ſquare. 

To confirm this law. by an experiment, let there 


4. | 


the part BEFC made to draw out or puſh into the 
ſquare at pleaſure. . To this part let the pulley H 
be zoined, ſo as to turn freely. on an axis, which 
will be at H when the Piece is puſhed 1 in, and at 5 
| when it is drawn out. To this part let the ends of ; 
: ſtraight wire & be fixed, ſo as to move along with 
W it, under the pulley; and let the ball G be made 

| to {lide eaſily on ts wire. A thread m is fixed to 
this ball, and goes over the pulley to JI; by this 
thread the ball may be drawn up on the wire, pa- ; 
rallel to the ſide AD, when the part BE F Cy 
puſhed | As far as it will 8⁰ into the ſquare. But, > 
if this part be drawn. « out, it will carry th ball along 


off vith it, parallel to bottom, of the ſquare DC. 
| i * W . the ball G may 4 r be drawn | 
B | 


— 


* 43 
2 4 perpen- F 
* ; 4 


4 


ſe the body 'A to repreſent A Fig. 2. 


be a wooden ſquare ABCD ſo contrived, as to have pig 5 


| 5 | perpendicularly upward by. pulling: the thiead ml 


Fig · 4 


part BEFC, in equal times, and through equal 
5 ſpaces; each power acting equably and ſeparately 
upon it. But if, when the ball is at G, the upper 


ner Aof the fixed ſquare, and the moveable part 


ſquare, and at the ſame! time carried with its wire 
* towards the right hand BC, moving all the while 
in the diagonal line L; and will be found at g when 


up ſingly by Te thread without moving! the ſliding 
: Ng 61 


angles to each other, ſo will the ſides of the paral- 


moving body will be longer or ſhorter, according 


two equal forces act conjointly upon the body 4 


Of central forces! : 


or moved horizontally along by pulling. out the 


end of the thread be tied to the pin J, in the cor: 


BEFG be drawn out, the ball will then be acted] 
upon by both the powers together: for it will be 
drawn up by the 1 towards the top of the 


the ſliding part is drawn cut as far as it was be- 
fore; which then, will have cauſed the thread to 
draw up the ball to the top of the inſide of the 
ſquare, juſt as high as it was before, when drawn 


If the fig: 3 are equal, but at oblique| 


lelogram be: and the diagonal run through by the 


as the. obliquity is greater or ſmaller. Thus, it 


one having a tendency to move it through the bac 
Az in the ſame time that the other has a tendenej 
to move it through an equal ſpace AD; it will de- 
ſcribe the diagonal 46 C in the ſame time that ei- 
ther of the ſingle forces would have cauſed it u 

deſcribe either of the ſides. If one of the forces (| » - 
be t chan the other, then one ſide of the pa MM vitati 
Is rallelogram 5 


1 


5 2 EOS . x 7 A 
rallelogrim will be ſo much longer than the others? 
For, if one force ſiagly weld carry the body 
through the ſpace AE, in the ſame time that the 
other would have carried it through the ſpace AD; 
the joint action of both will carry it in the fame 
time through the ſpace AHF, which is the dia- 
gonal of the oblique parallelogram AD EF. 
If both forces act upon the body in ſuch a man- 
ber as to move it uniformly, the diagonal de- 
ſcribed will be'a ſtraight line; but if one of the e 
forces acts in ſuch a manner as to make the body 92 
move faſter and faſter as it goes forward. then the 
line deſcribed will be a curve. And this is the 
caſe of all bodies which are projected in rectilineal 
directions, and at the ſame time acted upon by the 
power of gravity, which has a conſtant tendency 
to accelerate their motions in the direction WEIGEL 
it acts. | 
From the uniform projectle motion of bodies in The laws 


que I ſtraight lines, and the univerſal power of gravity # = _ 
ral- Nor attraction, ariſes the curvilineal motion of all tions. 


the heavenly bodies. If the body A be projected 
along the ſtraight line AH in open ſpace, where Fig. 5 
it meets with no reſiſtance, and i is not drawn aſide he 


7 by any power, it will go on for ever with the ſame 
pace velocity, and in the ſame direction. But if, at tho 
ne fame moment the projectile force is given it at A, 
| de- ¶ the body 8 begins to attract it with a force duly | 
t ei- adjuſted 5 = pm to jts motion at A. 
t to it 
hs *To rb the rojeclle force a juſt balaves to „ the gra- 


Titan ry ſo as to keep the * moving in a circle, it 
muſt 
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it will then be drawn from the ſtraight line APR, 
and forced to revolve about & in the circle 47%; 


K ) a fmaller body as L, within the ſphere of at- 


line LM, with a force duly adjuſted, and perpen- 


round the yet larger body S. But then, the boch 


that circle will now be deſcribed by the comma 


connected by a. wire P that has no weight, and 1 4 
and L connected by a wir 


bodies will be a point in the wire P near 8; which : 
point being ſupported, the bodies will be all ny 


of all the three bodies will not be in "the wire 
but when theſe bodies are alli in a right line, Ter, 


of ant . FS 


in the ſame manner, and by the ſame law, that a 
pebble i is moved round in a ſling. And if, when 
the body is in any part of its 2 65 (as ſuppoſe at 


traction of the body K, be projected in the right 


dicular to the line of attraction LX; then, the ſmall 
body L will revolve about the large body K in the 
orbit NO, and accompany. it in its whole courſe 


K will. no longer move in the circle ATW ; 10 : 5 


center of gravity between K and L. Nay, even 
the great body $ will not keep in the center; fo 
it will be the common center of gravity between i 
all the three bodies &, K, and L, that will remain 
immoveable there. So, if we ſuppoſe 8 and I 


q that has no weight, 


the common center of gravity of all theſe three 


equilibrio as they move round it. - Though indeed, : 
ſtrictly ſpeaking, the common center of gravii 


wy give ſuch a Ze as the planet would acquire by 97 8 
vity when it had fallen through half the ſemidiameter of tha 
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in order to ber A general. idea 905 the, curves 
Ieſcribed by two bodies revolving about their com- 
non center of gravity, whilſt they themſelves with 
third body are in motion round the common cen- 
er of gravity of all the three; let us firſt ſuppoſe See pute 
E to be the ſun, and e the earth going round him I 
without any moon; and their moving forces regu- 
ated as above. In this caſe; whilſt the earth goes 
round the ſun in the dotted circle RU, &c. The curves 
the ſun will go round the circle ABD,. whoſe center SIE. - 
C is the common center of gravity between the ſun revolving 
and earth: the right line G repreſenting the mu- paar rg 
wal attraction between them, by which they are center of 
as firmly connected as if they were fixed at the " 
two ends of an iron bar ſtrong enough to hold 
W. So, ben the earth is at e the ſun will be 
earth is at F the ſun will be at F, 
= 8 55 the euch is at 4 the ths will be at G, 
1 5 

Now, has us be in che moon q (at the top of 
the figure) and ſuppoſe the earth to have no pro- - 
greſſive motion about, the ſun; in which caſe, Fo 
whilſt the moon revolves: about the earth in her 
orbit A BCD, the earth will revolve in the cir- 
cle $ 13, Whole center R is the common center of 
gravity of the earth and moon; they being con- 
nected by the mutual attraction between them in 
the ſame manner as the earth and ſun are. 
But the truth is, that whilſt the moon e 
ode the earl, che ank ia ane about the 

„ in 


be earth comes to f the moon will be found at 


. of nes ee 855 
ſan» and now, the moon will cauſe the earth ü 
deſeribe an irregular curve, and not a true Circk 
round” the ſun. For, it is the common center ( 
gravity of the earth and moon that will deſcrik 
the ſame circle which the earth would have move 
in, if it had not been attended by a moon. Fa 
ſuppoſing the moon to deſcribe a quarter of he 
progreflive orbit about the earth in the time tha 
the earth moves from e to /; it is plain, that wha 


in which time, their common center of gravity vil 
have deſcribed the dotted arc R1T, the earth th 
curve R5f, and the mbon the curve q 147. | 
the time that the moon deſcribes another quartz 
of her orbit, the center of gravity of the eat 
and moon will deſcribe the dotted arc 72 U, tl 
earth the curve f6g, and the moon the euixe 711535 
and fo on. — And thus, whilſt the moon goa 
once round the earth in her progreſſiy > orbit, thei 
common center of - gravity - deſcribes the regula|i 
Portion of a circle R1 72 Ug V4 V, the earth tt 4 
irregular curve R5F6g7 bs i, and the moon th 
yet more irregular curve 414 115 416717 u; ani 
then, the ſame kind of tracks over again. 
The center of gravity of the earth and moon uf 
6000 miles from the earth's center towards th 
moon; therefore, the circle 8 13 which the eartif 
deſcribes round that center of gravity (in ever) 
courſe of the moon round her orbit) is 12000 
miles in diameter. Conſequently, the earth 
12000 miles nearer the ſun at the time of full moon 
than at the time of new. [See the earth at F and 
at 55. | 5 Toi 
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| of 50 forces. Fora 
To avoid confuſion in ſo ſmall. a figure, we 
ve ſuppoſed the moon to go only twice and an 
alf round the earth in the time that the earth goes 
nce round 
the revolutians which ſhe makes in a year, and 
o give a true figure of her path, unleſs we ſhould 
nake the ſemidiameter of the earth's orbit at leaſt 
4 inches ; and then, the proportional ſemidia- 
neter of the moon's orbit would be only a quarter 
f an inch. For a true figure of the moon's path 
refer the reader to my treatiſe of aſtronomy. 


e fun and moon would return into themſelves at 
gain: but they return not into themſelves in leſs 
nakes nearly -19 revolutions. about the ſun, and 


de moon 2 35. about the earth.- | 


in the time that the projectile impulſe; would 
we carried it from A to F. it will deſeribe the 


m 4 to F. But, if the projectile force had been p 


e planet from 4 to H in the ſame time that now, 


ſun? 8 attraction mull then have wm four rimes 
| as 


e ſun: it being impoſſible to take in 


If the moon made any compleat number of re- a 
olutions about the earth in the time that the eartn 
nakes one revolution about the ſun, the paths of 

he end of every year; and ſo be the ſame over 
han 1 9 years. nearly ; in which time the earth 


If the planet 4 be- attracted ain; the Gia Plate IT. 
ith. ſuch a force as would make it fall from A to Fis: 5. 


rc AG by the combined action of theſe forces, A double 
i the ſame time that the former would have cauſed I, 
to fall from A to B, or the latter have carried TED 2 
ice as great, that is, ſuch as would have carried gravity. | 


y the ſuppoſition, it carries it only from 4 to F * 
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ſtrong as Mey to hd lit FM planet in 
cke kirele ATV that is, it muſt have been ſug. 
as would have cauſed the planet to fall from 4 U 
E, which is four times the diſtance of 4 from }, 
in the time that the projectile force ſingly woul 
have carried it from A to H, which is only twig 
the diſtance of A from F.. Thus, a double Pro 
Jectile force will balance a quadruple power of gu 
vity in the ſame circle; as appears plain by th 
figure, and ſhall Toon be confirmed: wy an e 
riment. 7: 

Plate V. The whidling-table is a + aides — for 
1 ſhewing experiments of this nature. AA is 1 
ſtrong frame of wood, B a winch or handle fixed 
on the axis C of the wheel D, round which is the 
Thewhirl- catgut ſtring EF, which alſo goes round the ſmal 
OR. wheels E and H, croſſing between them and the 
great wheel D. On the upper end of the axis d 
the wheel G, above the frame, is fixed the round 
board 4, to which the bearer MSX may be faſtened 
_ occaſionally, and removed when it is not wanted: 
On the axis of the wheel H is fixed the bearer 
N Z: and it is eaſy to ſee chat hen the winch i 
turned, the wheels and MPAA are arne = a u 

ing motion. 35 
Each Naber bah twWO wide! K. | oa 2 7 
fixed and ſcrewed tight into them ene ends by 
nuts on the outſide. And when theſe nuts are un- 
ſerewed, the wires may be drawn out, in ordet 


* _ the Ph, 46, AI maſt be fappoſed to be- ven 
fmall; otherwiſe AF, which i is equal to H 1, will not be Vn 
1 to AB, 8 equal to FG. Un e 
: to 


fert to it at any length from the center of the bearer 
to its end, as occaſion requires, by a nut · ſerew at 


07 central a | 

to change the balls U and V/, which ſlide upon the 
wires by means of loops fixed into the balls, and 
keep them up from touching the wood below them. 
A ſtrong ſilk line goes through each ball, and is 


the top of the ball; the ſhank of the ſcrew going 
into the center of the ball and preſſing the line 
againſt the under ſide of the hole that it goes 


through. — The line goes from the ball, and under 


a ſmall pulley fixt in the middle of the bearer; 
then up through a ſocket in the round plate (ſee 8 
and T) in the middle of-each bearer ; then through 
a ſlit in the middle of the ſquare top (O and P) of 
each tower, and going over a ſmall pulley on the 


| top, comes down again the ſame way, and is at laſt 


faſtened to the upper end of the ſocket fixt in the 
middle of the above-mentioned round plate. Theſe 


| plates S and T have each four round holes near 


their edges for letting them ſlide up and down upon 
the wires which make the corners of each tower. 
The balls and plates being thus connected, each by 
its particular line, it is plain that if the balls be 
drawn outward, or towards the ends M and N of 
their reſpective bearers, the round plates $ and 7 
will be drawn up to the top of their OE tow- 
en O and P, 


There are tal braſs weights, ſome of two 


ounces, ſome of three, and ſome of four,” to be Fig. 2. 

occaſionally put within the towers O and P, upon 

the round plates S and 7: each weight having a 

round hole in the middle of it, for going von he 
e 


| 39. | Of central PRA 


5 abe or axes of the plates, and is ſlit from th 


edge to; the hole, for allowing it to be ſlipt ow 


reſpettiye plate. ers 
d The experiments to be made by this * ar, 
Fig. 1. 1. Take away the bearer MX, my take the ivor 
ball a to which the line or ſilk cord 5 is faſtened 
The pro- at one end; and having made a loop on the other 
— fo end of the cord, put the loop over a pin fixt in 
. the center of the board d. Then, turning tie 
winch B to give the board a whirling motion, you 
will ſee that the ball does not immediately begin t 
move. with the board ; ; bur, on account of its in- 
activity, endeavours to continue in the ſtate of | 
which it was in before. Continue turning, untl 
the board communicates an equal degree of motion 
with its own to the ball, and then turning on, yol 
will perceive that the ball will remain upon on 
part of the board, keeping the ſame velocity with 
it, and having no relative motion upon it: as i 
the caſe with every thing that lies looſe upon the 
plane ſurface of the earth, which having the mo- 
tion of the earth communicated to it, never el 
deavours to remove from that place. But ſtop 
the board ſuddenly by hand, and the ball wil 
go on, and continue to revolve upon the board 


until the friction thereof ſtops its motion: which 
ſhews, that matter being once put into mo- 
tion, would continue to move for ever, if it met 
with no reſiſtance. In like manner, if a perſot 
ſtands upright in a boat before it begins to mort 


4 can ſtand firm; ; but the moment the boat 1 
0 


the foreſaid line _ comes from, each. ball to in 


ep t 


if the 
round 
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Of central forces. 
off, he is in danger of falling towards that place 
yhich the boat departs from: becauſe, as matter, 
e has no natural propenſity to move. But, when 


Wo ſwift, if it be ſmooth and uniform, he will ſtand 
nd if the boat ſtrike againſt any obſtacle, he will 


penſity he has, as matter, to keep the motion which 
the boat has put him. into. 


12 to it, which may be put down through the hollow 
eo axis of the bearer MX and wheel G, and fix a 


weight to the end of the cord below the machine; 
(which weight, if left at liberty, will draw the ball 
from the edge of the whirling board to its center. 


turn the winch z then the ball will go round and 


ll bodies revolving in circles have a tendency to 
fly off from theſe circles, and muſt have ſome power 
ating upon them from the center of motion, to 
keep them from ſo flying off. Stop the machine, 
and the ball will continue to revolve for ſome time 
upon the board; but as the friction gradually ſtops 
its motion, the weight acting upon it will bring it 
nearer and nearer to the center in every revolution, 


e acquires the motion of the boat, let it be ever 
as upright and firm as if he was on the plane ſhore: 


fall towards that obſtacle ; on account of the pro- 


2, Take away this ball, and put a longer cord 


round with the board, and will gradually fly off tend 
farther and farther from the center, and raiſe up dbedebie. 
the weight below the machine: which ſhews that 


until it brings it quite thither. This ſhews, that 
if the planets met with any reſiſtance in going 
wund the ſun, its attractive power would bring 
1 1 Inem 


Draw off the ball a little from the center, and Bodies mo- 
ving in or- 


bits have a 
ency to 


out of 


** a 


* 


FF 
them nearer and nearer to it in every revolutiy; 


Bodies . Take hold of the cord below the macht 
move faſter with one hand, and. with the other throw the bu. 5. 
diss than in upon the round board as it were at right angles b 
e ones. the cord, by which means it will go round ail 
round upon the board. Then, obſerving wi 
What velocity it moves, pull the cord below th 
machine, which will bring the ball nearer to tt 
center of the board, and you will fee that the near 
the ball is drawn to the center, the faſter it wil 
_ revolve; as thoſe planets which are neareſt the ſi 
revolve faſter than thoſe which are more remote; 
and not only go round ſooner, becauſe they deſcrit 
ſmaller circles, but even move faſter in every pat 
of their reſpective circles. 
| Their cen- 4. Take away this ball, and apply the bear 
bes Neun. MX, whoſe center of motion is in its middle a 
wp, directly over the center of the whirling boa 
4. Then, put two balls (U and /) of equl 
weights upon their bearing wires, and having fixed 
them at equal diftances from their reſpective cer 
ters of motion 0 and x upon their ſilk cords, bf 
the ſcrew nuts, put equal weights in the towers 0 
and P. Laſtly, put the catgut ſtrings E and! 
upon the grooves G and E; which, being of equi 
diameters, will give equal velocities to the beate 
above, when the winch B is turned : and the ball 
Und / will fly off towards M and N; and wil 
raiſe the weights in the towers at the ſame inſtant 
This ſhews, that when bodies of equal | at 


* 
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of watter revolve in equal circles with equal velo- 
cities, their centrifugal forces are equal. 


; nd put 4 ball of ode ounce into the oppoſite bear- 
„at the whole diſtance xy, which is equal to 
by from the center of the bearer; and fix the 
alls at theſe diſtances on their cords, by the ſcrew 
puts at top: then the ball U, which is ſix times as 
eavy as the ball Y, will be at only a ſixth part of 
e diſtance from its center of motion; and "onda 


* quently will revolve in a circle of only a ſixth part 
* f the circumference of the circle in which V re- 


he towers, and the machine turned by the winch ; 

hich, (as the catgut ftring/is on equal wheels be- 
ow) will cauſe the balls to revolve in equal times; 
ut J. will move ſix times as faſt as U, becauſe it 
yolves in a circle of ſix times its radius; and 


This ſhews, that the centrifugal forces of revol- 


heir quantities of matter multiplied into their re- 
peftive velocities ; or into their diſtances from the 
nters of their reſpective circles. For, ſuppoſing 


ly one ounce, to be 12 inches diſtant from its 


5. Take away theſe equal balls, and faſten of - 
E put a ball of fix ounces into the bearer MX. 
at a fixth part of the diſtance 42 from the center; 


olves. Now, let any equal weights be put into "4 


oth the weights in the towers will riſe at once. 


y * . ry * 
— * 2 3 * — - - 
_—_——_—_— ——— — — r 2 2 


ing bodies (or their dener to fly off from the 
ircles they deſcribe) are in direct proportion to 


which weighs 6 ounces, to be two inches from 
$ center of motion w; the weight multiplied by 
de diſtance is 12: and ſuppoſing /, which weighs 


ter of motion x, the weight 1 ounce -multiplied 
Gs HOES by 


Y „ 
1 * Ai” 


EET - Of 6 ant Forte. 0 
by « mp d lſtande 12 inches is 122 Abs. a8 dy ft 
 bolve in equal times, their velocities are as thy 
Aiftances from, the center, namely, as 1 to 6. 
If theſe two balls be fixed at equal diſtang 
| Wh their reſpedtive centers of motion, they vil 
move with equal velocities; and if the tower 
has 6 times as much weight put into it as the tom 
'P has; "the, balls will raiſe their weights exactly 
the Fouts moment. This thews that the ball Uh 
ing fix times as heavy as the ball J, it has f 
times as much centrifugal force, in deſcribing a 
equal circle with an equal velocity. 
A double 6. If bodies of equal weights revolve in a 
velpcity. in 
the fame circles with unequal velocities, their centrifug] 
wo, yh a forces are, as the ſquares | of the velocities, T 
balance to a 
quadruple prove this law by an experiment, let two balls 
r and. of equal weights be fixed on their cords 


\ "2 g T& 
BY 5 0 


equal diſtances from their reſpective centers d 
-motion w and x; and then, let the catgut ſtrin 
E be put round the wheel K, (whoſe circumferent 
is only one half of the it terte of the whe 
H or C) and over the pulley 4 to keep it tight: 
.and let four times as much weight be put into th 
tower F. as | in the tower 0. Enz turn | th 
as the ball U, in a { nel" of the ſame diamett, 
cauſe they are equidiſtant from the centers of tk 
. Circles, in which they revolve; and the weights 
the towers will both riſe at che ſame inſtant, whid 
* Thews that à double velocity i in the ſame cirele wi 
"exactly Valancs, a quadruple power of attraction 


the center of the citele. For the weights in 8 
892 Ny 3 99 tower 


* 


Of central forces. Ss 
Towers may be conſidered; as the attractive forces in 
he centers, acting upon the reyolvipg balls; which, 
moving in equal circles, is the ſame.thing as if 1 they 
och moved in one and the ſame. circle. Con o 
quently, if the planets: had moved twice as faſt 
round the ſun as they do, the ſun? $ artradtion muſt 
have been four times as great as it now is, to have 
retained the planets in their orbits... So that the 
ſun * have either been four times as big as he 
is, or four times as denſe under the 38. bulk | 
he now has, or four times as far from the common 

cencer of gravity of the whole ſyſtem as he now 
58, in order to have preſerved a juſt balance bees 
the attraktive and projectile forces. 


deſcribe ; their centrifugal forces are inverſely : 
ö the ſquares of their diſtances from thoſe centers. 
For, the catgut, ſtring remaining as in the laſt ex- 
periment, let the diſtance of the ball V from the 
center x be made equal to two of the croſs diviſions 
on its bearer; and the diſtance of the ball U from 
the center au be three and a ſixth part; the balls 

themſelves being of equal weights, and 7 making 

10 revolutions, by turning the winch, in the time 
that U;makes one: ſo that if we ſuppoſe the ball 
to revolye in one moment, the ball U will re- 
wolye in two moments, the ſquares of which are 
one and four: for the ſquare of 1 is only i, and 
e 2 is 43 therefore, the * of the 
D 3 period 


4. If bodies of equal weights revove in un-Nylee | 
| * circles, in ſuch a manner that the ſquares Ae 
the times of their going round are as the cubes . 
their diſtances from the centers of the circles they 95 


4 8 "% 
of J \ = 
f = 


; four times in the ſquare. of the period of the hul 


TIE 15 8. and the diſtance, of U is 386, the cube «< 
© * © which js 32 very nearly; in which $ is containgl 
four times: and therefore, the ſquares of the pe. 
riods al V and Uare ta one ADQURET as the cube 


of their reſpeſtive cixcles. - And if the weight, in 
- winch, that the balls U and J will raiſe their tel 


ly pectiue weights very nearly at the ſame inſtant d 


and that the ſun's attraction is inverſely. as the 


5 20 reg f put the machine AB upon it, ft 


Of antral forces, 
period or revolution of the ball Y is containg 


But the diſtance of / is 2, che cube of Which 


PISS; & 


the tower O he four ounces, equal to the ſquare q 
2, the diſtance of V from, the center * and. ide 
weight in the tower P 10 ounces, nearly equal u 
the ſquare of 34, the diſtance of U from w; i 
will be found upon turning the machine by the 


time. Which confirms that famous propoſition d 
KEPLER, viz, that the ſquares of the peri- 
dical times of the planets round the ſun are SN pro 
portion to the cubes of their diſtances from him; 


ſquare of the diſtance from his center: that is, 
twice the diſtance his attraction is four times leh; 
and thrice the ; diſtance, nine times leſs; at fon 
times the diſtance, ſixteen. times leſs 3 and ſo 00, 
to the remoteſt parts of the ſyſtem, _.. 

8. Take off the gatgut dung E from the gre 
wheel D and the ſmall Thee! E, and let the firin 
F remain upon the wheels D and G. Take ani 
allo the hearer MAX from the whirling-board d. an 


machine to the center of the board bs 


1 7 A 
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Ide pins e and 4, in ſuch a manner, chat the end 
/ may riſe above the board to an angle of 30 or. 


ich oy gg la the upper fide of this machine there The abfur- 
re two glaſs tubes @ and 5, cloſe ſtopt at boch cn, 


In the tube à is a little quickſilver, which 
| analy falls down to. the end a in the water, be- 


len cause it is heavier than its bulk of water; and on. 
tn the tube þ is a ſmall cork which floats upon the top 
1 of the water at e, becauſe it is lighter; and is 


mall enough to have liberty to riſe or fall in the 
tube. While the board 5 with this machine upon, 


it continues at reſt, the quickſilver lies at the bot- 
the tom of the tube a, and the cork floats on the wa- 2 
* ter near the top of the tube 5. But, upon turning | 


the winch, and putting the machine in motion, 
Ide contents of each tube will fly off towards the 
uppermoſt ends (which are fartheſt from the center 

Jof motion) the heavieſt with the greateſt force. 
Therefore, the quickſilver in the tube 4 will fly + 
Jeff quite to . end F, and occupy its bulk of 

ſpace chere, excluding the water from that place, f 


becauſe it is lighter than quickſilver; but 2 


ter in the tube & flying off to its higher end e, will 
exclude the cork from that place ; and cauſe the 
© cork to.deſcend towards the lowermoſt end of the 


en tube, where it will remain upon the loweſt end of 
n de water near 5; for the heavier body having the 
Nr oreater centrifugal force, will therefore poſſeſs the 
ant Wi uppermoſt part of the tube; and the li ighter body 
* will heep between the heavier and the " moſt 
ue. oY 


5 This 


be and each tube is about three quarters full bf vonexes. | 


* \ 


Of Sac TORY 


This demonſtrates the abſurdity of the Carttfn 

| Goctrine of the Wen moving round the ſun i 

Wortexes : for, if the planet be more denſe 9 

| heavy, than, its bulk of the vortex, it wil fly of 

ak therein, farther and farther from the ſun; if le 

denſe, it will come down to the. loweſt part of th 

vortex, at the ſun: and the whole vortex itfel 

muſt be ſurrounded with ſomething like a geen 

wall, otherwiſe it would fly quite off, planets an 

| all together. —But while gravity. exiſts, - there is 10 

o occaſion. for ſuch yortexes ; and when it ceaſes t 

exiſt, a ſtone thrown upwards will never return ty 
the earth again. Co x 

1253 If a body be lo placed upon "Le whirling 

YO. boards of the machine (Fig. 1.) that the center df 

_ e gravity of the body be directly over the center d 

muſt move the board, and the board be put into ever ſo rapi 

—— motion by the winch B, the body will turn round 

center of with the board, but will not remove from the mid 

gravity. Ale of it: for, as all parts of the body are in eu 

trio round its center of gravity, and the center d 

gravity is at reſt in the center of motion, the cen- 

trifugal force of all parts of the body will be equi 

at equal diſtances from its center of motion; a 

5 Ss: the body will remain in its place. Bu 

if the center of gravity be placed ever ſo little on 

of the center of motion; and the machine be turm 

ed ſwiftly round, the body will fly off toward 

| that | fide. of the board on which its center of gr» 

Fig _vity, lies. "Tt hus, if the wire 0 with its little bil 

* B be taken away from; the demi- globe AH, and th 

/ BE e ef of this 4280 Dobe be: laid upon the 

e whirling 


Jiny one quarter of the heavens. 


| O 'central find. 
whirling-board of the machine, 1 as their cehters 
may coincide; if then the board be turned ever To 
quick by the winch” the demi-globe will remain 


where it was placed. 


pin may be in the center of A. See Fig. 
this groove is repreſented at 5] and let the whirl- 
ing · board be turned by the winch, which will carry 
the little ball B (Fig. 4.) with its wire C, and the 
demi- globe 4, all round the center-pin ; ci and 


then, the centrifugal force of the little ball B, 
which weighs only one ounce, will be ſo great, as | 
% draw off the demi-globe A, which weighs t two o 
groove at e ftrikes 5 no 


pounds, untit the end of the 
againſt the pin c, and fo prevents 4 from goin 


ay farther: otherwiſe, the centrifugal force of B 


would have been great enough to have carried 4 


quite off che whirling- board. Which ſhews, that 


if the ſun were placed i in tlie very center of the 


orbits of the planets, it could not poſſibly remain 
there; for the centrifugal forces of the planets 
vould carry them quite off, and the ſun with them; 


eſpecially wheir ſeveral of them happened to be in 


planets are as much connected by the mutual at- 
traction that ſubſiſts between them, as the bodies 


4 and Bare by tlie wire C which is fixed into 
them mel And even if there were but one ſingle 


planet 


But if the wire C'be ſcrewed 

into the demi- globe at d, the whole becomes one 
body, whoſe center of gravity is now at or near 4. 

Let the pin c be fixed in the center of the whirling- 
board, and the deep groove 5 cut in the flat fide 

of the demi. globe be put upon the pin, fo as the 

4. where Fig. 5. 


For the ſun and 


„ 


— — — 
— 


3 the greateſt! body placed in any part of free 


ved by any other ſubſtance.— And perhaps it waz 


which weighs only 6 ounces, and connect it by the 


wire at d, is ſupported by the fork: And this 
center of / gravity is as much neaxer' to the center 


A is. heavier than B, allowing for the weight af 


4 N ce 2 Y — 
* 
— —— . . wa — _ . — 


anet in the 8 to a round ever ſo 
large a ſun in the center of its orbit, its centrifugal 
force would ſoon carry off both itſelf and the ſun, 


ſpace could be eaſily moved: becauſe if there were 
no other body to attract it, it could have no weight 
or gravity of itſelf; and conſequently, though it 
could have no tendency of itſelf to remove from 
that part of ſpace, yet it might be very eaſily mo- 


this conſideration which made the celebrated 
ARCHIMEDEs ſay, that if he had a proper place 
at ſome diſtance 2 the earth whereon to fix his 
machinery, he could move the whole earth. N 

10. As the centriſugal force of the light body 
B vill not allow the heavy body A to remain in the 
center of motion, even though it be 24 times hea- 
vier than B i let us now take the ball A (Fig. 6.) 


wire C with the ball B, which weighs only one 
ounce; and let the fork E be fixed into the center 
of the whirling-board : then, hang the balls upon 
the fork by the wire C in ſuch a manner, that they 
may exactly balance each other; which will be 
when the center of gravity between them, in the 


af the ball 4, than to the center of the ball B, 


the wire on each ſide of the a. ths This done, let 
the machine be put into motion by the winch; 
ae dalle wk and B will go tound their common 

center 


— 


of ventral FIR 

J center. of | gravity. d, keeping their balance, be- 
cauſe either will not allow the other to fly off with 
it. For, ſuppoſing the ball B to be only one 


tien, if the wire C were equally. heavy on each 
tide of the fork, the center of gravity d 150 be 
ſix times as far from the center of the ball B as 
from the center of the ball A, and conſequently 
BR will revolve with a velocity fix times as-great as 


o 

al 
l. 
ee 
re 
he 
it 
m 
Os 
ſas 
ed 


 rifugal force as any ſingle ounce of A has: but 
thenz as B is only one ounce, and 4 ſix ounces, 
the whole centrifugal force of A will exactly ba- 
lance the whole centrifugal force of B: and there- 
fore, each body will detain the other ſo as to make 


planets muſt all move round the common center of 
grayity of the whole ſyſtem, in order to preſerve 
that juſt balance which takes place among them. For, 


| balls, they could no more have put themſelves into 
mation than theſe balls can: nor have kept in 
their orbits without being balanced at firſt with the 
greateſt degree of exactneſs upon their common 
center of gravity, by the Almighty hand that made 
them and put them in motion. 


f FFK 88 


121 
ws - 


that ſupports the center of gravity of the ſolar 
em, and. conſequently bears the weight of all 
. in it 10 by what the prop itſelf is 


1 
— 4 


E K S 


BE 


ounce in weight, ral the ball A to be ſix Ounces.s: 


does; which will give B-ſix times as much cen- 


it keep in its circle. This ſhews that the ſun and 


the planets being as unactive and dead as the above 


P. erhaps it may be here w 67% ace ae balls. 


cannot go round unleſs their center of gravity be 
ſupported, by the prop or fork E; what prop it is 


ſupported? 


Z 

* VL 
43 
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ſupported | ? The anſwer is eaſy and plain; for the 
center of gravity of our balls muſt be ſupported 

bekgule they gravirate towards the earth; and would 
therefore fall to it: but as the ſun and planen 
gravitate only towards one anotherg they have no 
thing elſe to fall to; and therefore have no ove 
flon for any thing to fupport their common center 
of gravity: and if they did not move round that 
center, and conſequently acquire” à tendeney to'fly 
off fran. it by their motions; their mutual at. 
tractiohs would ſoon bring them together; and ſo 
eie ß 


ble Would become one maſs in che ſan; 
which would alſo be the caſe lif their velocitie 
round rhe ſim were not quick enough to ele a 
centiffogal force equal to the ſun's attraction. 
But after all this nice adjuſtment, it appears evi 
dert that the Deity cannot withdraw his regulating 
hand from his works, and leave them to be ſoleh 
governed by the laws which he has impreſt upon 
them at firſt. For if he would leave them ſo; their ot 
der would in time come to an end; becauſe the pla. 
nets mult” neceſſarily diſturb one another's: motions 
by their mutual attractions, when ſeveral of them 
are in the ſame quarter of the heavens; as is often 
the caſe: and then, as they will attract the ſun 
more towards that quarter than when they are in 2 
ꝛanner diſperfed equably around him, if he un 
not at that time made to deſeribe a portion of : 
larger circle round the common center of gravity, 
the balance would be deſtrbyed ; and as it could 
never reſtore itſelf again, the whole ſyſtem would 


begin to fall — aus l time 0 
1 Ab 15 aft 2 


| n RR 
0 the Nen Of this diſturbance ug have 


appears 4).and Which, in going laſt up from She 
un, went ſa neax to Jupiter, and was ſo affected by 
his attraction, as to haye the figure of its orbit 


period altered, and its courſe, to be different in the 
heavens from what it was before. 


eine board, and place the trough AB thereon, 
firing its center to the center of the whirling/board 
by the pin H. In this trough are two balls D and 
E of unequal weights, connected by a; wie F; 
| and made to ſlide eaſily upon the wire C ſtretched 
| from end to end of — trough, and made faſt by 
nut · ſcrews on the outſide of the ends. Let theſe 


mon center of gravity. g may be directly over the 
center of the whirling - board. Then, turn the 
machine by the winch, ever ſo ſwiftly, and the 
trough and balls will go round their center of gra- 
vity ſo as neither of them will fly off; becauſe, on 


other with an equal force acting againſt it. But 
if the ball E be drawn a little more towards the 
end of the trough at 4, it will remove the center 
of gravity towards chat end from the center of mo- 


| little ball E will fly off, and ike with a conſider- 
able force againſt the end 4, and draw the great 
ball B into the middle of the trough. Or, if 
hs great ball D be drawn towards the end B 0 
6 ib © 


very remarkable inſtance in the comet, which, now 95 


much changed; and not only ſo, but, to have. its 


balls be ſo placed upon the wire C, that their com- 


account of the equilibrium, each ball detains the 


don; and then, upon turning the machine, the 


11. Take away the fork and balls f from * r 7 7. 


Of the 
tides. 


of the U. 


the trowgh; ſo that the center of gravity may bel 
Hetle towards that end from the center of 'niotion, 
4nd the machine be turned by the winch, the gen 


Dall D will fly öff, and ſtrike violently agaitſt the 


end Hof the trough, and will bring the little bil 
E into the middle of it. If the trough be nd 


made very ſtrong, the ball D vill Break through 


it. 
12. The reaſon why the ties Eile at ibe ſame 
abſolute time on oppoſite fides of the earth, and 


| conſequently in oppoſite ditections, is made abu. 


dantly plain by a new experiment on the whirling. 


able The cauſe of their riſing on the fide next 
the moon every one underſtands to be owing to the 


moon's attraction: but why they ſhould riſe on 


_ the oppoſite fide at the ſame time, where there i 
no moon to attract them, is perhaps not fo gene. 


rally underſtood. For it would ſeem that the moot 
ſhould rather draw the waters (81 it were) cloſer w 


that ſide, chan raiſe them upon it, directly contrat) 


to her attractive force. Let the circle a bed re- 


preſent the earth, with its ſide c turned toward the 


moon, which will then attract the waters ſo, as td 
raiſe them from c to g. But the queſtion is, wi 


| Hovld they riſe as high at that very time on the 


oppoſite ſide, from a to e? In order to explait 
this, let there be à plate AB fixed upon one end 


of the flat bar DC; with ſuch a circle drawn upon 


it as 436 (in Fig. 8.) to repreſent the round 
figure of the earth and fea; and ſuch an ellipſis 2 
defy to repreſent the Felling of the tide ate and 
2, RAGE by the influence of oy moon. * 
b 


07 the tides, „ 
this plate A B let the three ivory balls e, J. 2E. 
be hung by the {ilk lines b, i, E, faſtened to the tops 
| of the crooked wires Il, I, X, in ſuch a.manner that 
the ball at e may hang freely over the ſide of the 
cirele e, which is fartheſt from the moon M, (at the 
other end of the bar;) the ball at F may hang freely 
over the center, and the ball at g hang oyer the 
ſide of the circle g, which is neareſt the moon. The 
ball f may repreſent the center of the earth, the 
ball ſome water on the ſide next the moon, and 
the ball e ſome water on the oppoſite ſide. On the 
back of the moon A is fixt the ſhort bar N pa- 
rallel to the horizon, and there are three holes in 
it above the little weights p, q, 1. A ſilk thread o 
s tied to the line & cloſe above the ball g, and 
paſſing by one ſide of the moon M. goes through 
a hole in the bar N, and has the weight p hung 
to it. Such another thread is tied to the line i, 
cloſe above the ball f, and paſſing through the 
center of the moon M and middle of the bar N, 
has the weight 4 hung to it, which is lighter than 
the weight p. A third thread mn is tied to the line 
b, cloſe above the ball e, and paſſing by the other 
ſide of the moon M, through the bar N, has the 
weight r hung to it, which is r than * 
weight g. 


n 1 ps r wv” = 9 
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L The bh of theſe hive unequal weights is is to re- 
yon preſent the moon's unequal attraction at different 
and diſtances from her. With whatever force ſhe at- 


acts the center of the earth, ſhe attracts the ſide 


$ 23 
ſr op her with a greater degree of force, and the 
„de fartheſt from her with a leſs. So, if the 


weights 


3 


of * hits; 


weights are left at liberty, they will draw all dr Wo. the 
three, balls towards the moon with' different degres Wiſin 1 
of force; 3 and cauſe them to make the appearang plain t 
ſhewn in Fig. 10; by which means they are evi 
dently farther from each other than they would b: 
if they hung at liberty by the lines b, i, æ; becauk 
the 25 would then hang perpendicularly, Thy 
ſhews, that as the moon attracts the ſide of the 
earth which is neareſt her with a greater degree d 
force than ſhe does the center of the earth, ſhe vil 
draw the water on that Gde more than ſhe draws the 
center, and ſo cauſe it to riſe on that ſide: and g 
|. the draws the center more than ſhe draws the op 
polite ſide, the center will recede farther from the 
ſurface of the water on that oppoſite ſide, and 
leave it as high there as ſhe raiſed it on the ſide nen 
to her. For, as the center will be in the mid 
between the tops of the oppoſite elevations, the 
muſt of courſe be equally high « on both ſides at the 
ſame time. 
But upon this ſuppoſition the earth and mon 
would ſoon come together: and to be ſure thy 
would, if they had not a motion round their com 
mon center of gravity, to create a degree of cent: 
fugal force ſufficient to balance their mutual . 
traction. This motion they have; for as ti 
moon goes round her orbit every month, at the 
diſtance of 240000 miles from the earth's cenie 
and of 234000 miles from the center of gravil 
of the earth and moon, ſo does the earth go round 
ll the ſame center of gravity. every month at e 


diſtance of 6000 miles from it; ther n from i 
* | 10 


N of 5 1 | 
Wo the center; of the earth. Now 45 the earth i is, 
In round numbers) 8090. miles in 1 


eg ameter, it 8 
n lain chat its ſide; next the moon is only 2000 m les. a. 
vi om the common, center of gravity of, the carth.. 
bead moon; its center 6000 miles diſtant therefrom 

ue Wind its fartheſt fide from the moon, 10000. 4 There, 


ore the centrifugal forces, of theſe. parts are as 
000 6000, and . 10000, that is, the centrifugal. 
ſoree of any ſide of the earth when it is turned 
rom the moon is five times as great as when it 
wrned towards the moon. And as. the 1 .moon's 
ttraRion- (expteſt by the number 6000). at the 
arth's center keeps the earth from flying out of 
this monthly circle, it muſt be greater than the 
atrifygal force of the waters next her, and con- 
quently. ſufficient to raiſe them ; but as her at⸗ 


next 

adde raction on, the oppoſite ſide is leſs than the centri- 
the) gel force of the water there, the exceſs of this | 
- the WW orce is ſufficient to raiſe the water juſt as high on 


the. oppoſite ſide.— To prove this experiments Fig. 3. 
Aly, let the bar DC with its furniture be fixed SW 
pon the whirling- board of the machine (Fig. 1. 3 
dy puſhing the pin P into the center of the board, 


ntri- Which pin is in the center of gravity of the 7 | 
| a War with its three balls e, f, g, and moon M. N ow, | 
dhe f che whirling- board and bar be turned flowly 


ound. by the winch, until the ball f hangs over 


net center of the circle, as in Fig. 11. the ball g 
i be kept towards the moon by the Rage 55 
ounlvcight p, (Fig. 9.) and the ball e, on account of 


s greater centrifugal force, and the leſſer weight | 
jo fly off, as far to the other 5 a3 in Fig, Oe 
1 And ü | 


N 0 


Fo Dye earth's motion demonstrated. 
„ And ſo, whilſt: the machine is kept turning, wi 
balls e and g will hang over the ends of the d "0 
_lipſis JK. 80 that the centrifugal force of H Al 
ball e will exceed the moon's attraction juſt es - 
much as her attraction excteds the centrifugal fon 18 
of the ball g, whilſt her attraction juſt balam 

the centrifugal force of the ball * and make i N 
keep in its circle. And hence it. is evident thy ooo U 
the tides muſt riſe to equal heights at the ſame tin W 
on oppoſite ſides of the earth. 1 This experimen urea 
to the beſt of my knowledge, is entirely new, 4 

The earth's "From, the principles thus eſtabliſbed, it is evidei 4 
motion de- farthet 
"oft. that the earth moves round the fun, and not th _ BR 
ed. ſun round, the earth : for the centrifugal law will die 
never e eat body to move round a ſmiſi A uned 
one in any or Eine, 5 eſpecially, when we full K 8 
that if a ſmall body moves round a great one, M bboſe 
great one muſt alſo move round the common il ABC 
ter of gravity between them two. And it is wilff des 0 
known that the quantity of matter in the fund Winkiny 
227000 times as great as the quantity. of mattet i finkir 
the earth. Now, as the ſan's diſtance from th mes 


earth! is at leaſt $1,000,000 of miles, if we dia * 


part o 


that diſtance by 227000, ve ſhall have only 357 f of thi 
.the number of miles that the center of gravity b esd 
.tween the fun and earth is diſtant from the fur! Wand 
center. And as the ſun's ſemidiameter is <f toric 
degree, which, at ſo great a diſtance as that of vj WM 


fun, muſt be no leſs than 381500 miles, if thi 
be divided by 357, the quotient will be 1068 
Which ſhews that the common center of gravity! 
thin the body of the fun z and is only the 10h 


Aol te 2 © 
* 


* 
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e varth's motion demon ftrated. 5 51 
part of his ſemidiameter from his center toward his 
ſurface. 
& = All globular bodies which do not turn on their 
W axes maſt de perfect ſpheres, becauſe all parts of 
W cfcir ſurfaces are equally attracted toward their cen- 
eers. But all globes which do turn on their axes 
will be oblate ſpheroids ; that is, their ſurfaces 
W will be higher, or farther from the center, in the 
Wequatoreal than in' the polar regions. For, as the 
Wequatoreal parts move quickeſt, they muſt have the 
W greateſt centrifugal force; and will therefore recede | 
tartheſt from the axis of motion. Thus, if two Fig. 12. 
Wcircular hoops 4B and CD, made thin and IT . 
; ble, and eroſſing one another at right angles, be 
red round their axis EF by means of the winch 
Wm, the whicel 1, and pinion o; and the axis be 
Wlooſt in the pole or interſection e, the middle 
. B, c, D will ſwell out fo as to ſtrike l the 
dees of the frame at F and G, if the pole e, in 
Winking to the Pin E, be not ſtopt by it from 
ſinking further: ſo that the whole will appear of 
'oval figure, the equatoreal diameter being con- 
derably longer than the polar. That our earth is 
of this figure is demonſtrable from actual meaſure- 
ment of ſome degrees on its ſufface, which are 
sound to be longer in the frigid zones than in the 
wrrid: and the difference is found to be ſuch as 
proves the earth's equatoreal diameter to be 35 
les longer than its àxis.—Since then, the earth 
5 igher at the 'equaror than at the poles, the ſea, 
ke alf other 'fAulds natu rally runs downward 
ſor  towarlls the places which are neareſt the earth's 
E center) 


52 | Of the mechanical powers. 
center) would run towards the polar regions, ani 
leave the equatoreal parts dry, if the centrifu 
force of the water, which carried it to thoſe pars, iſ 
and fo raiſed them, did not detain and keep it-fron 
running back again towards the poles of the earth, 
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F we conſider bodies in motion, and compar 
them together, we may do this either with rel 
pect to the quantities. of matter they contain, 9 
The foun- the velocities with which tkey are moved. Th 
dation of 2 1 =O. k is ch | ſcent « 
all mecha- NeAaVIer any body is, the greater is the power n. 
nics. quired either to move it or to ſtop its motion: ant dire 
again, the ſwifter it moves, the greater is its form the en 
So that the whole momentum or quantity of force «M by the 
a moving body is the reſult of its quantity of mat ſP"""t 
ter multiplied by the velocity with which it is m. mecha 
ved. And when the products ariſing from the mi- for it 1 
tiplication of the particular quantities of matteri Peer 
any two bodies by their reſpective velocities ar ther in 
equal, the momenta or entire forces are ſo tou Peer 
Thus, ſuppoſe a body, which we ſhall call 4, vi In 
weigh 40 pounds, and to move at the rate of! . 
miles in a minute; and another body, which 2 
ſhall call B, to weigh only 4 pounds, and to mot piable 
20 miles in a minute; the entire forces with which 8 1 
theſe two bodies would ftrike againſt any obſtack be eſt; 
| would be equal to each other, and therefore it wol © 
require equal powers to ſtop them. For 40 75 | 
| tipli 


Of the mechanical powers. 
riplied by 2 gives 80, the force of the body 4; 
Wand 20 multiplied by 4 gives 80, the force of the 


ugd 
arts, | body Br 
ron Upon this eaſy principle depends the whole 1 


mechanics: and it holds univerſally true, that 
when two bodies are ſuſpended by any machine, ſo 
Is to act contrary to each other; if the machine 
Wbe put into motion, and the perpendicular aſcent 
Jof one body multiplied into its weight, be equal 
Ito the perpendicular deſcent of the other body mul- 
Wtiplied into its weight, theſe bodies, how unequal 
Wſocver in their weights, will balance one another 
in all ſituations : for, as the whole aſcent of one 


be directly as the ſpaces they move through; and 
Wthe exceſs of weight in one body is compenſated 
by the exceſs of velocity in the other. Upon this 
principle it is eaſy to compute the power of any 


mo· 

nul bor it is but only enquiring how much ſwifter the ay Aol 

ern power moves than the weight (i. e. how much far- of ke Tag 
chanic 


power be increaſed by the help of the engine. 

In the theory of this ſcience, we ſuppoſe all 
planes perfectly even, all bodies perfectly ſmooth, 
lerers to have no weight, cords to be extremely 
pliable, machines to have no friction; and in ſhort, 


Md WY! imperfections muſt be ſer aſide act the theory 
ack be eſtabliſhed, and. then proper allowances are to 
ou de . 


E 3 : | The 


Wis performed in the ſame time with the whole de- 
cent of the other, their reſpective velocities muſt 


mechanical engine, whether ſimple or compound; How to 


ther in the ſame time,) and juſt ſo much muſt the engine, 


| 54 | 9 Of- the mechanical powers: E 
The me- The ſimple machines uſually called mechanic Wi 
8 powers are fix in number, viz. the lever, the why Wi 
what? and axle, the pulley, the inclined plane, the wear, 

and the ſcrew. — They are called mechanical pow. 
ers, becauſe they help us to raiſe weights, mow 
heavy bodies, and overcome reſiſtances, which wil 
could not effect without them. = 
1. A lever is a bar of iron or wood, one p 
of which being ſupported by a prop, all the othe 
parts turn upon that prop as their center of mo 
tion: and the velocity of every part or point ui 
directly as its diſtance from the prop. Therefor, iſ 
when the weight to be raiſed at one end is to the 
power applied at the other to raiſe it, as the diſtance 
of the power from the prop to the diſtance of the 
weight from the prop, the power and weight wil 
exactly balance or counterpoiſe each other: and «i 
a common lever has but very little friction on it 
prop, a very little additional power will be ſufficien 
to raiſe the weight. 
There are four kinds of levers. 1. The commu 
ſort, where the prop is placed between the weight 
and the power; but much nearer to the weigt 
than to the power. 2. When the prop 1s at one 
' end of the lever, the power at the other, and the 
weight between them. 3. When the prop is 4 
one end, the weight at the other, and the pow 
applied between them. 4. The bended lever, 
which differs only in form from the firſt ſort, but 
not in property. Thoſe 'of the firſt and ſecond 
kind are often uſed in mechanical engines ; as 
| there 
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Of the alas powers. 
here are few inſtances 1 in which the third ſort is 


ter of motion, they move with equal velocities ; 
id therefore, as it gives no mechanical advantage, 
t cannot properly be reckoned among the mecha- 
ical powers. ; 


eat weights to ſmall heights, in order to have © 
pes put under them for raiſing them higher by 
ther machines. The parts A Band BC, on dif- 
ferent ſides of the prop D, are called the arms of 
he lever: the end of the ſhorter arm A B Wo 
ppplied to the weight intended to be raiſed, 
reſiſtance to be overcome; and the conn — 
lied to the end C of the longer arm BC. as 
In making experiments with this machine, the 
horter arm AB muſt be as much thicker than the 


dn the prop. This ſuppoſed, let P repreſent a 
power, whole intenſity is equal to 1 ounce, and e 
| weight whoſe intenſity is equal to 12 ounces. 
hen, if the power be 12 times as far from the 
drop as the weight is, they will exactly counter- 
poiſe ; and a ſmall addition to the power P will 
auſe it to deſcend, and raiſe the weight ; and 
he velocity with which the power — will be 
o the velocity with which the weight riſes, as 12 


„ prop; 


\ 


'A common balance is a lever 4 Geft Kind 5 Tu. le | 
ut as both its ends are at equal diſtances from its * 


A erer of the firſt bid! is repreſented by the bas Plato v. 


BC, ſupported by the prop D. Its principal I. HA 
ſe is to looſen large ſtones i in the ground, or raiſe _ of 


onger arm BC, as will be ſufficient.to balance it 


jo 1: : that is, directly as their diſtances from the 


1 
— 
— 
. * 
= : 


-which they move. Hence, it is plain that a ma 
| who by his natural ſtrength, without the help dt 
any machine, could ſupport an hundred weight 
will by the help of this lever be enabled to ſuppon 


. * 
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- 


prop ; M and conſequently, as the ſpaces through 


motior 
tremit) 
weight 
BC; 1 
parts à 


twelve hundred. If the weight be leſs, or the weight 


power greater, the prop may be placed ſo much will {© 
the farther from the weight; and then it can or as 
raiſed to a proportionably greater height. For uni. the ar 
verſally, if the intenſity of the weight multipl. weigh. 


i intenſity of the power multiplied into its diſtance 
from the prop, the power and weight will exadh 
balance each other; and a little addition to the 


tance from the prop is 1 inch; and 12 multiplied 


ed into its diſtance from the prop be equal to the 


power will raiſe the weight. Thus, in the preſent 
inſtance, the weight is 12 ounces, and. its dif 


by 1 is 12; the power P is equal to 1 ounce, and 
its diſtance from the prop is 12 inches, which mul- 


tiplied by 1 is 12 again; and therefore there is a iſſcale, 
equilibrium between them. So, if a power equi Nhat n 
to 2 ounces be applied at the diſtance of 6 inche i To 
from the prop, it will juſt balance the weight forte 
; for 6 multiplied by 2 is 12, as before. And Muffe 
a power equal to 3 ounces placed at 4 inches di Mary 
tance from the prop would do the ſame; for 4 : ion b 
times 4 is 12; and fo on, in proportion. ln. 
The flatera or roman feelyard is a lever of thi er ex 
kind, contrived. for finding the different weights a Wn ad: 
different ſorts of bodies, or of a greater quantity Noe 
of the ſame ſort, by one ſingle. weight placed a f A 
different diſtances - from the prop or center en 


motion 


— 


motion D. For, if a ſcale hangs at A, the ex- 
tremity of the ſhorter arm AB, and is of ſuch a 
weight as will exactly counterpoiſe the longer arm 
BC; if this arm be divided into as many equal 
arts/as it will contain, each equal to A B, the ſingle 
weight P (which we may ſuppoſe to be 1 pound) 
vill ſerve for weighing any thing as heavy as itſelf, 
or as many times heavier as there are diviſions in 
de arm BC, or any quantity between its own 
8 . and that quantity. As for example, if P 
1 und, and placed at the firſt diviſion 1 in the 
arm 2 it will balance 1 pound in the ſcale at 4: | 
If it be removed to the ſecond diviſion at 2, it 

Vill balance 2 pounds in the ſcale : if to the third, 
pounds; and ſo on to the end of the arm BC. 

Uf each of theſe integral diviſions be ſubdivided 

to as many equal parts as a pound contains oun- 

Wes, and the weight P be placed at any of theſe 
Wubdivifions, ſo as to counterpoiſe what is in the 

Wicale, the pounds and odd ounces therein are by 

What means aſcertained. _ | 

To this kind of lever may be reduced ſeveral 

orts of - inſtruments, ſuch as ſciſſars, pinchers, 

Inutfers ; which arc made of two levers acting con- 

rary to one another: their prop or center of mo- 

Fon being the pin which keeps them together. 

In common practice, the longer arm of this le- 

ver exceeds the weight of the ſhorter ; which gains 

In advantage, axes it adds ſo much more to the | 

K fever of m ccond kind has the wi ght be The ſecond 
men the prop and the power. In this, as well 1 


ver. 
the 


of the cbt, powers. | . ; 57 
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, weight from the prop: for the reſpective veloc 
ties of the power and weight are in that proper. 


intenſity of the power multiplied by its diſtano 


prop; by 5 cord C D going over the fixed pulley 
E, the power will juſt ſupport the weight: andy 


1 inch for every 6 inches that the power deſcends. 
equal -ſhares of the burden in the inverſe propor-. Wi 
tion of their diſtances from it. For it is vel 


den, the greater ſhare he bears of it: and if he 
goes directly under it, he bears the whole. So, i 


n! which is done by dividing * beam ſi 


Of the mechanical powers, | 
the former, the advantage gained is as the diſtance 
of the power from the prop to the diſtance of the 


tion; and they will balance each other when the 


from the prop is equal to the intenſity of the 
weight multiplied by its diſtance from the prop. 
Thus, if AB be a CE on which the weight / 
of 6 ounces hangs at the diſtance of 1 inch fron 
the prop G, and a power P equal to the weight d 
1 ounce hangs at the end B, 6 inches from the 


ſmall addition to the power will raiſe che - weight 


This lever ſhews the reaſon why two men carry« 
ing a burden upon a ſtick between them, bear us 


known, that the nearer any of them is to the buy 


one man be at G and the other at P, having ti 
pole or ſtick AB reſting on their ſhoulders ; if d 
burden or weight V be placed five times as nes 


the man at G as it is to the man at P, the forme he 
will bear five times as much weight as the latte, Wn 
| This is likewiſe applicable to the caſe of two hot i 


of unequal ftrength, to be ſo yoaked as that ead 
horſe - may draw a part proportionable to l 


tha 


Of «the mechanical pomers. 59 
Int the point of traction may be as much nearer 
o the ſtronger horſe than to the Nee 1 a. 
ſtrength of the former is greater. | 

To this kind of lever may be reduced dars, — ; 

ers of ſhips, doors turning upon hinges, cutting 
wes which are fixed at the point of the blade, 
nd the like. 

| If in this lever we ſuppoſe the power and. weight? \The third 
o.change places, fo that the power may be between vr. oh + 
he weight and the prop, it will become a lever of. | 

te third kind: in which, that there may be a ba- 

nee between the power and the weight, the in- 

Peaſty of the power muſt exceed that of the weight 

oſt as much as the diſtance of the weight from the 

Prop exceeds the diſtance of the power from it. 

— let E be the prop of the lever AB, and Mirig. 3. 
vigbt of 1 pound placed 3 times as far from 

De prop as the power "> acts at J by the cord C 

Ning over the fred pulley D; in this caſe, the 

oer muſt be equal to three n in order to 

Wupport the weight. 

To this ſort of lever are 9 referred the 

Pones of a man's arm: for when we lift a weight 

Wy the hand, the muſcle that exerts its force to raiſe 

weight is fixed to the bone about one tenth 

ert as far below the elbow as the hand is. And 

e elbow being the center round which the arm 

um, the muſcle muſt therefore exert a foree ten 

Ines as great as the weight raiſed. 4 | 

As this kind of lever gives no A — — 

noving, power, it is never uſed but in caſes of une? 
wha ſuch as that of a ladder, which. being 
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The wheel 
and axle. 


Fig. 5. 


the firſt, 


and * will balance each other when the in 


07 the TOTO Nute 


fixed at one end, is by the ſtrength of a f man} 
arms reared againſt a wall. 
where all the wheels may be reckoned levers d 


And in clock. -work, 


this kind, becauſe the power that moves ever 


wheel except the firſt, acts upon it near the cena 
of motion by means of a ſmall pinion, and th 
reſiſtance it has to overcome acts againſt the tee 
round its circumferenſee. | 


- Fhe fourth kind of lever differs nothing fron 


venichee, ACB is a lever of this ſort, bended a 
C which is its prop or center of motion. P igt 


power acting upon the longer arm AC at F, by 


means of the cord DE going over the pulley G 


and Wis a weight or reſiſtance acting upon the en 
B of the ſhorter arm BC. 


Tf the power be 0 
the weight as BC to CF, they are in equilibri, 
Thus, ſuppoſe V to be 5 pounds acting at th 
diſtance of one foot from the center of motion 6, 
and P to be 1 pound acting at F five feet fron 
the center C, the power and weight will juſt balance 


each other, A hammer drawing a nail 1: is a lever d 
this fort. 
2. The ſecond mechanical power is the wheel al 


axle, in which the power is applied to the circum 


ference' of the wheel, and the weight is raiſed h 
a rope which coils about the axle as the wheel i 
turned round. Here it is plain that the velocity 


of the power muſt be to the velocity of the weight 


as the circumference of the wheel is to the circum 
ference of the axle: and conſequently, the povt 


tenſit 


but in being bended for the ſake of co. 


nſity 
Jerence 
its axl 
to be 
axle; 
ing by 


Iwill b 
the ro 


the fri 
15 but 


Of the mechanical powers, 
nſity of the power is to the intenſity of the weight 


its axle, and ſuppoſe the circumference of the wheel 
to be 8 times as great as the circumference of the 


ing by the cord 7, which goes round the, wheel, 
Lill balance a weight V of 8 pounds bangiog, by 


be friction on the pivots or gudgeons of the axle 
bs but ſmall, a ſmall addition to the power will 


weight will riſe with only an eighth part of the 
velocity that the power deſcends, and conſequently, 
rough no more than an eighth part of an equal 
ſpace, in the fame time. If the wheel be pulled 


loperator pleaſes. 

To this fort of engine belong all cranes for raiſ- 
2 great weights; and in this caſe, the wheel may 
ave cogs all around it inſtead of handles, and a 


the cogs, and be turned by a winch z which will again 
Increaſe the power of the wheel as much as its num- 
Per of cogs exceeds the number of ſtaves or rounds 
in the rrundle, if the radius of · the trundle and that 
pf the winch be equal: but if the radius or length 


:un- of the winch be "double the radius or ſemidiameter 
one! of the trundle, it will again give a double power. 
e M. > that, if the circumference of the Wheel be 8 
ij Wh | ns OI 


u the circumference of the axle is to the circum- 
erence of the wheel. Let AB, be a wheel, CD 


axle; then, a power P'equal to one pound hang- 
Fiche rope X, which goes round the axle. And as 


cauſe it to deſcend, and raiſe the weight : but the 


round by the handles 5, &, the power will be. in- 
creaſed in proportion to cheir length. And by this 
means, any weight may be raiſed as high as the 


ſmall lantern or trundle may be made to work in | 


* N 
12 

4 

Go 


teeth ; which will at any time 


hold whilft che weight is raifing. 3 
means, the danger is prevented which "might other 


. - 'whien left at Hberty. 
The pag. 
- Aiſts' either of dne moveable pulley” or à Hf 
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mes the circumference of che axle, the power i 
the aue is eight times as great as the power of d | 
" whed!'; and if che trundle makes 8 revolutions 

ode of dhe wheel, dhe power of the axle is 3 f 
8 times, or 64 times, às great as that of the tui 
dle: i the lengtli ie rd eh be wei Wee * 
dlameter 2 trundle, this will again give 
double power; and ſo make it twice 64 or 128 % vor 

che ele. Thierefbre, a man who by his naa F g 
ſtrength could Hft an hundred weight from ve t 
ground in his arms, Will, by the help of ſuch ali 
engine as this, de Able ro raiſe 128 hundred weight 


or &'tons and almoff an hatf. In this fort of me 


chines it is requiſite to have a ratchet-wheel Calle" 
one end of the axle, with a catch H to fall into M 
ſupport the wies 
and keep it from deſcending, if che work 
ſhould through inadvertency or carlefneſs quit f 
And by wi 


wiſe happen by the' running r of the " ] | 
3. The third mechanical power or engiti wlll © 


pulkes, ſome in a block or caſe which is fixed, alli" * 
othets in a block which is moveable and riſes will". © 
the weight. For though a ſingle pulley that ol” 
turns on its axis, and riſes hot wich the weign 


may ſerve to change the direction of che ore . 


At can give no mechanical advantage th 8 
only äs che beam of à Balance whoſe arms pr We 


m. I "levgeh and weight, - Thus, if "rhe equi 


A 
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pulley A. whoſe block $ is fixed to the beam Hi. 
W they will counterpoiſe each other, juſt in che ſame 
manner as if the cord were cut in che middle, and 
its two ends hung upon the hopka tic iy the pulley 
at A ad A, equall equally diſtant) from i its center. 

But if a weight 
Er block P of the. pulley D, and the cord 
GF go under the pulley, it T 
G of the cord bears one half of the weight , and 


4 r half F the other; for they bear the whole be- 
11 them. Therefore, whatever holds che up- 


end of either rope ſuſtains one half of the 


weights V and P hang by the cord BB upon the 5 


I bang ac the lower egd af the | 


2 


calf eight: and if the cord at F be drawn up ſo as to 
* the pulley P to C, the cord will then be ex- 
0 een whole len gi Al bur Hör pürt 
eich goes under the pulley: and conſequently, 
ir C th Pomer that draws the cord will have moved 
1 ice as far as the pulley D with its weight ri ; 
; on which account, a power whoſe intenſity is 
igt 3 qual to one half of the weight will be able to 
port it, becauſe if che power moves (by means 
a all addition) its velocity will be double the 
20 elocity of the weight; as may be ſeen by putting 
Lord over the, fixt pulley C (which only chan- 
; dE" rs the direction of the power without giving any 
ai = ire to it) and hanging on the weight F, 
io, _ Lis equal only to one half of the weight ; 
er, M 1, which caks there, will be an equilibrium, dand a 
* 4 U 5 T 00 vill cauſe it to. deſcend,. .anfl 
arc . crongh a ſpace equal to one, half o chat 
equlli — en AHlence, the ne 
reight Tv: 19 1 gained 


* 5 
2 * 


Of the mechanical powers. 
gained will be always equal to twice the number a 
pullies in the moveable or undermoſt block. 95 
when the upper or fixt block « contains two pul 
lies, which only turn on their axes, and the lone 
or moveable block V contains two pullies, which 
not only turn upon their axes but alſo riſe vit 
the block and weight, the advantage gained by thi 
is as 4 to the power. Thus, if one end of the 
rope KMO be fixed to a hook at I, and the roꝶ 
paſs over the pullies N and R, and under the pul 
lies L and P, and have a weight T of one poun 
hung to its other end at 7, this weight will balanc 
and ſupport a weight of four pounds hanging 
by a hock at the moveable block U, allowing th 
ſaid block as a part of the weight. And if « 
much more power be added as is ſufficient to ove: 
come the friction of the pullies, the power will de 
ſcend with four times as much velocity as th 
weight riſes; and conſequently through, four time 
as much ſpace. | | 
The two pullies in the fixed block IX pa” ti 
two in the moveable block 7, are in the ſame cal 
with thoſe laſt mentioned; and ewe the ſame a 
vantage to the power. 
As a ſyſtem of pullies have no great ks and 
lie i in a ſmall compaſs, they are eaſily carried about; 
and can be applied, in a great many caſes, | for railiy 
weights, where other engines cannot. But the 
have a great deal of friction on three account: 
1. becauſe the diameter of their axis bears 4 vel 
conſiderable proportion to their own diamete' 


2. becauſe in working . are apt to rub againb 
onl 
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of the ck; powers, 6 5 
Ine another, or againſt the ſides of the block; s 
. becauſe of the ſtiffnels of the your that goes | 
bund 1 e 
4. The fourth mechanical power is "he inclined The nine | 
ane; ind the advantage gained by it is as great, | 

5 its length exceeds its perpendicular height, "Let Plate * 
Ii be a plane parallel to the horizon, and CD af's 1 
lane inclined to it; and ſuppoſe the whole length” 
O to be three times as great as the perpendicular „ 
bcight C F: in this cafe, the cylinder E will be 
pported upon the plane CD, and kept from roll- 
vg down upon it, by a power equal to a third part 
f the weight of the cylinder. Therefore, a weight 
bay be rolled up this inclined plane with a third 
art of the power which would be ſufficient to draw 
up by the fide of an upright wall. If the plane 
s four times as long às high, a fourth part of 
e power would be ſufficient; and ſo on, in pro- 
tion. Or, if a pillar is to be raiſed from a floor 
the height G F, by means of the engine "ABDC, 
hich will then act as a half wedge, where the 
ſſtance gives way only on one fide) the engine 
d pillar will be in eguilibrio when the power ap- 
mi at GP is to the weight of the pillar as G F to 
; and if the power be increaſed, ſo as to o ver- 
pme the friction of the engine againſt the floor 
ad pillar, the engine will be driven, and the-pil- . 
r raiſed: and when the engine has moved its whole 
ngth upon the floor, the pillar will be raiſed to 
e whole height of the engine, from . % 3 1; ; 
The force wherewith à rolling body Candh TM 
pon an n inclined plane is to the force of its abſolute 
5 | gravity, 


<4 * 


a 


Fig. 5. 


51 gravity, by which it would deſcend perpendicy: 
' larly in a free ſpace, as the height of the plane i 

ig 2. to its length, For, ſuppoſe the plane AB to be 
parallel to the horizon, the cylinder C will keep 1 
reſt upon any part of the plane where it is laid 


4. to half its weight to keep it from rolling. If th 


fixed pulley H, and have its other end tied to1 
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If the plane be ſo elevated, that its perpendiculx 
height D is equal to half its length AB,” the cylin 
der will roll down upon the plane with a force equaly 
half its weight z for it would require a power equl i 


plane AB be elevated, ſo as to be perpendicular v 
the horizon, the cylinder C-will deſcend with is 
whole force of gravity, becauſe the plane * 
butes nothing to its ſupport or hindrance; 
therefore, it would. require a power equal to 1 
whole weight to keep it from deſcending. 
Loet the Under C4 C de fitted to turn upon ſlende 
pivots in the frame D, in which there is a hooks 
with a line G tied to it: let this line go over the 


hook in the weight J. If the weight of the body 
Ibe to. the weight of the cylinder C added to thi 
of its frame Dy: as the perpendicular height of the 


plane L Mis to its length AB, the weight will jut li 
ſupport the cylinder upon the plane, and a ſmal 
touch of a finger will either cauſe” it to aſcend u 


deſcend with equal eaſe: chen, if a little addition be 


made to the weight 7, it will deſcend, and din i 


the cylinder up the plane. In the time that the 


linder moves from A to B, it will riſe through the BY 1 


whole height of the plane ML; and the weight 


e 


„„ 


IEG W e 3 * 


* 8 ao h ers: , 

© gil deſcrig am Hen Kn tbgk a beer bee to | 
ee hole lenteb of the plane ß) 
F" I Sabine: he. made to ae en rollets; « 


rigtoh-whosled and che eylindet be ſupported. upon 
it ; he ſame power wilb draw thæ plahe: uhdef the 
cylinder! winch before dret the Cylimer up the 


in length + and: height to M, Fig. 4) be pro- 
ided- with, four wheels,” Wheretif two: appear at D 


hid from ſight by the horizontal board a. Let 
he cylinder. F be laid upon the lower end of the 
nelined plane C B, and the line & be extended from 
he frame of the cylinder; about ſix feet; parallel 
d the plane CB; and, in that direction; fixed to 


plane, provided; then piyoth of3: ther ares df the 
friction-wheels he mull and the wheels theinſeftes 
be pretty largtcr: Forz let che machige {BC {6quat Fig. 6. 


and E, and the third under Cv hilſt the fourth is 


the "Es in the wall; which will ſupport the cylin-' 
to1 „ and keep it from rolling off. the plane. Let 
ode end of the line H he tied to a hook at C in the 


1 1 drew the cylinder up the plant before. If 
is ne be put over the fixed pulley 7, the weight 
* draw the machine along the horizontal plate 


and under the cylinder F.: and when the ma- 
nene has been drawn its whole length, the cylinder | 
ro Eil be raiſed to 4, equal to the perpendicular height” 


IB above the-horizontal part 2. 


ode inclined plane may be redueed al hatehots; 
gi hiſels; and; other an tools ulnch are chamfer d 


1 one 1 


hachitie, arid] the other / end to a weight K, the 


The ct 


wedge; which may be conſidered! as two equal in 
Fig. 8. 


power is applied; EF is the depth or height of th 
wedge; DF. the length of one of its ſides, equi 
to CF the length of the other ſide; and O F is in 
| ſharp edge, which is entered into the wood intende{ 
do be ſplit by the force of a hammer or malle, 
Fig. 9. 


FG. 


before the wedge, there will be an equilibrium be 
tween the power impelling the wedge downwarl, 


back is to the length of either of its des: tha 


neſs is to the length of either ſide of the cleft, & 4 


Of the mechanical powers: 
g. The fifth mechanical power or engine is th 


clined planes DEF and CEF, joined together x 
their baſes EF: then, DC is the — thick, 
neſs of the wedge at its back ABCD, Where th 


ſtriking perpendicularly on its back. Thus, 4 
is a wedge driven into the cleft. CDE of the wool iſ 


When he. 1 x oa not cloves at any diſtang Y 


and the reſiſtance of the wood acting againſt te 
two ſides of the wedge, if the power be to tle 
reſiſtance as half the thickneſs of the wedge at u 


is, as Aa to Ab, or Ba to-Bb (Fig. 9.) Andi ö * 
the power be increaſed, ſo as to overcome the fridtio| 
of the. wedge and the reſiſtance ariſing from ti 


_ coheſion or ſtickage of the wood, the wedge vile 


be drove in, and the wood ſplit aſunder. | 

But, when the wood cleaves at any diftance be 
Ps the wedge (as it generally does) the power in. 
pelling the wedge will not be to the reſiſtanced 
the wood as half the thickneſs of the. wedge is u 
the length of one of its ſides ;. but as half its thick-i 


timated from the top or _ part of the wedg-p 
3 | F 01, g ö 


For, if ue ſuppoſe the wedge to be lengthened 
down from 5 to the bottom of the cleft at E, the 
ſame proportion will hold; namely, that the power 
will be to the reſiſtance as half , the thickneſs of the 
wedge is to the length of either of its ſides: or, 
which amounts to the ſame thing, as the whole 
thickneſs of the e is to the e of N 
its ſides. 

In order to prove as? is hets ddranted: * 
cerning the wedge, let us ſuppoſe the wedge to be 
divided lengthwiſe into two equal parts; and then 

it will become two equally inclined planes; one of 
lich, as abc, may be made uſe of as a half wedge Fig. 7. 
or ſeparating the moulding cd from the wainſcot 
{B, It is evident, that when this half wedge has 
ard, been driven its whole length ac between the wain- 
ot and moulding, its fide ac will be at ed; and 
e moulding will be ſeparated to fg from the wain- 
ot. Now, from what has been already proved of 
Ve inclined plane, it appears, that to have an equi- 

3 bbrium between the power impelling the half wedge 
d the reſiſtance of the moulding, the former 
Wuſt be to the latter as ab to ac; that is, as the 
Wiickneſs of the back which receives the ſtroke is 
Wo the length of the fide againſt which the mould- 

Es atts. Therefore, ſince the power upon. the 
in alf wedge is to the reſiſtance againſt its ſide, aa 
balf back 45 is to the whole lide ac, it is plain 
Ws the. power upon the whole wedge- (where the 
\ * back is double the half back) muſt be to 
| be reſiſtance againſt: both its ſides, as the thickneſs 
Sa whole back is to the length of both:the 
F 3 : ſides J 


70 


- ſplits at any diſtance before the wedge, For, whe 


Figs 10. 


— 
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fides ; ſuꝑpaſing the wedge, at the bottom of the 
cleft : or as the thickneſs of the whole back to th 
length of both ſides of the,,cleft, when the wood 


* 


the wedge is driven quite into the. Wood, and the 
wood ſplits at ever ſg ſmall a diſtance before n 
edge, the top bf the wedge hen becomes the 2d. 
ing part, becauſe the wood does not t 

where elſe, And ſince the bottom of the cle 
muſt be conlidered as that part where the who 


. 5 o gh $-- 0 . 
ſtickage or reſiſtance is accymulated, it is plain, 


loes not touch it any 


from the vature of the lever, that the farther e I f e 
power acts from the refiſtance, the greater is the ar | 
— 4 on Po an ata weigh 
Some writers, particularly Grave/ande, Worn, Wi - . 
and Emerſon adyance, that the power of the wedg a 
is to the reſiſtance to be overcome, as the thickneb I der 
of the back of the wedge is to the length only d Under 
one of its ſides; which ſeems very ſtrange : fo, WW. ref 
if we ſuppoſe AA to be a ſtrong inflexible bar d weigh 
wood or iron fixt into the ground at C, and ) dem. 
and E to be two blocks of marble lying on tie iy i 
ground on oppoſite fides of the bar; it is evidat of bo 
that the block D may be ſeparated from the bar u 1:1. 
the diſtance ab by driving the inclined plane «BW 54. . 
half wedge abo down between them; and the blot. 
E may be ſeparated to an equal diſtance on the oda eylind 
ide in like manner by the half wedge cdo. MMMberye 


the power impelling each half wedge will be 
the reſiſtance of the block-againſt its ſide, as tl 
thickneſs of that half wedge is to the length of 
acting fide, Therefore the power to drive both 1 


© Of the'mthanital potvers, | 
$_ 4 | 


24 N TAG MI nr - Ti: if 7 ak 5 
jalf wedges is fo both the "refiſtarices, as both thi 
half backs'is to the Ten oth of both the acting ſides, 


| the length of either ide. And, if the bar be ta- 
two half wedges joined to make one; it will re- 
blocks, as is equal to the ſum of the ſeparate pow- 
ers ating upon the half wedges when the bar was 


— . *--- | MES 
Jo confirm this by an experiment, let two cy- 
ther by lines running over fixed pullies, | and a 
weight of 40 ounces hanging at the lines belong- 
ounces weight, having its back juſt as thick as ei- 
ther of its ſides is long, be put between the cy- 


a reſiſtance equal to 40 ounces, whilſt its own 


vity impelling it downward will be to the reliſt nce 
Jof both the cylinders againſt the wedge, as the 


N fides ; for there will then be an equilibrium between 


between them; requiring juſt as much power to 
boch it upward as to pull it downward.—If another 
wege, of equal weight and depth with this, and 
Joch half as thick, be put between the c flinders, 
will require twice as much weight to be hung at 


ken away, the blocks put cloſe together, and the 


quire as much force to drive it down between the 


ing to each cylinder: and let a wedge, of 40 
Unders, which will then act againſt each fide with 


weight endeavours to bring it down and ſeparate 
dem. And here, the power of the wedge's gri- 


Wi the weight of the wedge and the reſiſtance of the 
We cylinders againſt it, and it will remain at any height 


F 4 the 


or 48 half the thickneſs of the whole back is to 


finders, as AB and CD, be drawn towards one ano- Fig. 11. 


W thickneſs of the wedge is to the length of both its : 
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che ends of the lines which draw them together; u perimt 
keep the wedge from going down between then uedge 
That is, a wedge of 40 ounces,. whoſe back is only it dow 
equal to half the length of one of its fides, wil if linders 
require 80 ounces to each cylinder, to keep it n if touch: 
an equilibrium between them; and twice 80 is 160, be mae 
equal to four times 40. So that the power will b from 
always 40 the reſiſtance, as the thickneſs of the back WW ſmall: 
of the wedge is to the length (not of its one ſd pivot 
but) of both its ſides. | 

The beſt way, though perhaps not the neat 
that I know of, for making a wedge with its ap 
purtenances for ſuch experiments, is as follows 
Let IKLM and LMNO be two flat pieces d 
wood, each about fifteen inches long and three or 
four in breadth, joined together by a hinge at LM 
and let P be a graduated arch of braſs, on whid 
the ſaid pieces of wood may be opened to any an- 
gle not more than 60 degrees, and then fixt at the I 
given angle by means of the two ſcrews a and! 
Then, IK NO will repreſent the back of the wedgy, 
LM its ſharp edge which enters the wood, and i 
the outſides of the pieces IX LM and LMN 
the two ſides of the wedge againſt which the vo 
acts in cleaving. By means of the ſaid arch, tht 
wedge may be opened fo, as to adjuſt the thicknth 
of its back in any proportion to the length of & 
ther of its ſides, but not to exceed that length: 
and any weight as ↄ may be hung to the wedge vpoi 
the hook M, which weight, together with tif 
- weight of the wedge itſelf, may be conſidered i 
- the: impelling power; which is all the ſame in & 

oy perimelh 
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periment, whether it be laid upon the back of the 
wedge to puſh it down, or hung to its edge to pull 
it down.-Let AB and CD be two wooden cy- 
linders, each about two inches thick where they 
touch the / outſides of the wedge ; and let their ends 
be made like two round flat plates, to keep the wedge 
from Clipping off, endwiſe between them. Let a 
ſmall-cord with a loop on one end of it, go over a 
pivot in the end of each cylinder, and the cords 8 
and T belonging to the cylinder AB go over the 
fit pullies V and A, and be faſtened at their other 
ends to the bar mx, on which any weight as Z may 
be hung at pleaſure. In like manner, let the cords 
and & belonging to the cylinder BC go over 
the fixt pullies U and / to the bar uv, on which 
a weight Y equal to Z may be hung. Theſe 
veights, by drawing the cylinders towards one an- 
other, may be conſidered as the reſiſtance of the 
wood acting equally againſt oppoſite ſides of the 
wedge : the cylinders. themſelves being ſuſpended 
near and parallel to each other, by their pivots in 
loops on the lines E, F, G, H; which lines may be 
fed to hooks in the cieling of the room. The 
W longer theſe lines are, the better; and they ſhould 
never be leſs than four feet each. The farther alſo 
Wihe pullies , V, and , & are from the cylinders, 
Ihe truer will the experiments be: and they may 
urn upon pins fixed into the wall. 51. 
lin this machine, the weights Y and Z, and the 
Weight p, may be varied at pleaſure, ſo as to be 
Wed uſted in proportion of the length of the wedge's 
ſides to the thickneſs of its back; and when they 
| T7 are 


74 Of the mechanical powers. 
are fo adjuſted, the wedge will be in equilibrig with 
the — of the cylinders. 
The. wedge is a very great mechanical power 
ſince not only wood but even rocks can be ſplit h 
it; which would be impoſſible to effect by the le 
ver, wheel and axle, or pulley. _ 
The ſcrew. 6. The ſixth, and laſt mechanical power is th 
ſcrew ; which cannot properly be called a ſimph 
machine, becauſe it is never uſed without the az iſ 
plication of the lever acting as a winch or hand 
in turning it: and then it becomes a compoun iſ 
engine, of a very great force either in preſſing 
the parts of bodies cloſe together, or in raiſing 
great weights. It may be conceived to be mad 
Fig. 12,13. by cutting a piece of paper ABC (Fig. 12.) into the 
form of an inclined plane or half wedge, and the 
coiling it round a cylinder AB (Fig. 13.) And hen 
it is evident, that the winch E muſt turn the cylinde 
once round before the weight or reſiſtance D cu 
be moved from one ſpiral winding to another, 4 
from d to c: therefore, as much as the circum 
- rence of a circle deſcribed by the handle of we 
winch is greater than the interval or diſtance be 
| tween the ſpirals, ſo much is the force of the ſcren.# 
| That is, ſuppoſing the diſtance between the ſpirſl 
to be half an inch, and the length of the wind 
twelve inches; the circle deſcribed by the hand: 
where the power acts will be 76 inches near 
or about 152 half inches, and conſequently 11 
times the diſtance between the ſpirals : and ther 
fore, a power at the handle, whoſe intenſity is equ 
to no more chan a ſingle pound, will balance bp | 
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nds acting againſt the ſcrewy and as n 5 
Wional force * is ſufficient to overcoine the frice 

, will raiſe the 152 pounds ; and the velocity 


152 to 1. Hence it appears, that the longer 
{ winch be made, and the nearer the ſpirals are to 


ſcrew may be. contrived in the following mans 
r. Let the wheel C have a ſcrew a4 on its ahi. 
prking in the teeth of the wheel D, which ſup- 
Dee to be 48 in number. It is plain that for every 
e the wheel C and ſcrew ab are turned round 
the winch A, the wheel D will be moved one 
th by the ſcrew : and therefore, in 48 revolu- 
ns of the winch, the wheel D will be turned 
ce round. Then, if the "circumference of a 
le deſcribed by the handle of the winch be equal 
the circumference of a groove e round the wheel 
the velocity of the handle will be 48 times as 
at as the velocity of any given point in the 


e groove, and has a weight of 48 pounds hung 
it below the pedeſtal E F, a power equal to one 
und at the handle will balance and ſupport the 
aght. To prove this by experiment, let the 

umferences of the grooves of the wheels C and 
be equal to one another; and then, if a weight | 
| of one pound be ſuſpended by a line going 
und the groove of the wheel C, it will balance a 
Font of 48 pounds. hanging * the line G; and 


e een 4 


N the * is the fore of 5 1 
. f Lie for fawiog the Aan or power of Fig. * 


ooye. . Conſequently, if a line G goes round 1 | 


a finall = 


4 p 


48 or 288 pounds hung to the line on the al 
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ference of the axle: which, ſuppoſing it to be 


chine will be as 288 to 1. That is to ſay, a nu 
who by his natural ſtrength could lift an hundel 


on account of its having the addition of four pul 


reſt under the lower pullies X, m, over the upp 


a ſmall addition to the weight H will cauſe it to 
ſcend, and fo raiſe up the other weight. 

If the line G, inſtead of going round the gro 
e of the wheel D, goes round its axle I; the pom 
of the machine will be as much increaſed, as tl 
circumference of the groove e exceeds the circuny 


times, then one pound at H will balance 6 ting 


and hence, the power or advantage of this m 


weight, will be able to raiſe TOP! hundred, or 147 
ton weight by this engine. * 
But the following engine is ſtill more pow ey: 


lies: and in it we may look upon all the mech 
nical powers as combined together, even if we take 
in the balance. For, as the axis D of the bu 
AB is in its middle at C, it is plain that if equi 
weights are ſuſpended upon any two pins eq 
diſtant from the axis C, they will counterpuik 
It becomes a lever by hanging a ſmall weightÞ 
upon the pin u, and a weight ſo much heavier up 
either of the pins 5, c, d, e, or f, as is in proportions 
the pin's being ſo much nearer the axis. The wheeh 
and-axle FG is evident; ſo is the ſcrew E, whid 
takes in the inelined plane, and with it the hal 
wedge. Part of a cord goes round the axle, th 


pullies' La n, and then! it is tied r t0 back at # * 
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ber or moveable block, on which hangs the 
t. 1 £4484 * the '% +4 Sun 2b 1 "Jo > . 5 
10 0 machine, if che wheel F has. ih teeth, 
vill be turned once round in 30 revolutions of 
e bar A B, which is fixt on the axis D of the 
E: if the length of the bar is equal to twice 
e diameter of the wheel, the pins a. and. ꝝ at the 
nds of the bar will move 60 times as faſt as the 
eth of the wheel: conſequently, one ounce at P 
ill balance 60 ounces hung upon a tooth at q in 
e horizontal diameter of the wheel. Then, if 
e diameter of the wheel F. is 10 times as great as 
diameter of the axle G, the wheel will have 10 
mes the velocity of the axle; and therefore one 
o times 60 or 600 ounces hung to the rope H 
lch goes round the axle. Laſtly, if four pul- 
s be added, they will make the velocity of the 
wer block K, and weight W, four times leſs than 
velocity of the axle: and this being the laſt 
puer in the machine, which is 4 times as great 
\that, gained by the axle, it makes the Whole 
mer. of the machine 4 times 600, or 2400. So. 
ta man who could lift one hundred weight in his 
m, by his natural. ftrength, would be able to. 
ſe 2400 hundred weight by this engine. —But i it 
here as in all other mechanical caſes; for the time 
dis always as much as the power gained, be- 
uſe the velocity with which the power moves, 
ever exceed the velocity with which the weight 
ea, as much as the intenſity of the weight er. 
bs the e, of the power. Na 
| The 


7 A common 


Gs. 


The friction of the. ſcrew itſelf is very confi 

able : and there are few combined engines, by 
What, upon account of the friction of 1 pan 
= one ahother} will require à third part of 
tore power to work them when loaded, than wii 
. is" ſufficient to conſtitute ' a "ons. Deen # 
YOu and the power. FOE | 
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Abe als 1 enkilines are fo Werd uſeful, i 
would be ridiciilous to make any apology i 
deſcribing them. 
In à cotninont'Freaft jill, where the fall of u 
a ter may be about ten feet, AA is the great whel, 
which is generally about 17 or 18 feet dianiett 
reckoned from the outermoſt edge of any flod 
board at 2 to that of ity © oppoſite float at h. To 
tig Wheel the Water is Cove yed through a this 
nel, and 66 falliag vpe the wheel; burns it round 
Of tile ais BV of this wheel, atid within tt 
 nifllthouſe, is a Wheel D, abour 8 or 9 feet Gb 
„Hing 61 cops which turn Ly erundle 8 
| coding 10 upright ftaves of tounds.; and whe 
beſe äre the Humber of gg 4d teach; 
relate will make 6 78 _Feolitrions for one e 
lation of che whitet.” * head 2 
The trindle is Ref upon 4 fön hot hi calth 


che iÞ pa; the” lower” end of which turns „ 


3 


ra foot, fixt at F, in the horizontal beam s 
ix the bridge-tree z and the upper part of the 
bindle turns in a wooden buſh. fixt into the nether 
ſtone which lies upon beams in the. floor T. 
he top part. of the ſpindle above the. buſh is 
unte, and goes into a ſquare hole in a ſtrong iron 
roſs a bed, (See Fig. 3.) called the rynd z undet 
hich, and cloſe to the buſh, is a round piece of 


hick leather upon the ſpindle, which it turns round | 
he bee time as K does. the tynd. | | 
The rynd is let into grooves in the under fade | 
ice of the running millſtone G (Fig. 2.) and ſo 
ns it round in the fame time that the trundle R 
turned round by the cog wheel, D. This mill- 
ne has 2 large hole quite through i its middle, 
led the eye of the ſtone, through which the 
iddle part 4 rynd and upper end of the 
indle may be ſeen ; whilſt the four ends of the 
Wd lie hid below the ſtone in their grooves. 
| The end 7 of f the bridge · tree TS (which, fl Ps. 
| ts the upper dn "millſtone G upon the ſpindle) i is.. 
red into a hole in the wall; and. the end & is let 
0 beam Q called the brayer, Whoſe — R. 
mains fixt, and its other end hangs by a ſtrong 
bn rod P which Ses through the floor T, and. 
ba ſcrew · nut on its top at O by the turning af 
ich aut, the end 2. of the. brayer is raiſed. or... 
preſſed at pleaſure and e adef the bridges. 
* 'S and upper millſtone.. By this means, the... 
per millone n may be ſer as cloſe, to the undder. 
or raiſed as bigh from ir, as the miller pleaſes. 
be nearer the millgones are to one another ue. 
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finer they grind the corn, and the more rene 
from one another, the coarſe. 

The upper millſtone G is incloſed in a roun 
box H. which does not touch it any where ; ani 
is about an inch diſtant from its edge all around 
On the top of this box ſtands a frame for holding 
the hopper kk, to which is hung the ſhoe IJ by tm 
lines faſtened to the hind-part of it, fixed uu 
hooks in the hopper, and by one end 'of the crook 
ſtring K faſtened to the fore-part of it at i; th 
other end being twiſted round the pin L. As the 

pin is turned one way, the ſtring draws up the ſho 
cloſer to the hopper, and ſo leſſens the apertur 
between them; and as the pin is turned the othe 
way, it lets down the den, and enlargel te ape 
ture. 

I the hae be drawn up quite to the hopper, n 
corn can fall from the hopper into the mill; if 
be let a little down, ſome will fall: and the quan 
tity will be more or leſs according as the ſhoe Pete 

more or leſs let down. For the hopper is open & 
bottom, and there is a hole in the bottom of tie 
ſhoe, not directly under the bottom of the hoppt 

but forwarder towards the end i, over vr mad 
of the eye of the millſtone. 

There is a ſquare hole in the top of thi ſpin 
in which is put the feeder e: this | feeder (as il 

| ſpindle turns round) jogs the ſhoe three times 

each revolution, and ſo cauſes the corn to run co 

ſtantly down from the hopper, through the ſhos 

into the eye of the millſtone, where it falls 7 

che "oy of the * and i ah by the motion of ii r 
15 


nd and the leather under it, thrown below che 
2 ſtone, and ground between it and the lower 
ge. The violent motion of the ſtone creates " 3} 
entrifugal force in the corn going round with it, 
7 which means it gets farther and farther from the 
nter, as in a ſpiral, in every revolution, until 
be thrown quite out; and, being then —4— 
falls through a ſpout; ja TOP: 155 era 
ne trough 1 
When the mill is fed © too faſt the corn Wes up 
e ſtone and is ground too coarſe; and beſides, it 
logs the mill ſo as to make it go too ſo y. When 
e mill is too lowly fed, it goes too faſt, and the 
lones by their attrition ſtrike fire againſt one ano- 
ter, Both which inconyeniencies are avoided by 
ming the pin L backwards or forwards, which. 
uns up or lets down the ſhoe ; and ſo me 
e feeding as the miller ſees convenient. 
The heavier the running millſtone is, and the 
Prater the quantity. of water that falls upon the 
heel, fo much the faſter will the mill bear to be 
i; and conſequently. ſo much the more it will 
find, And on the contrary, the lighter, the ſtone, 
d the leſs the quantity of water, ſo much flower 
uſt the feeding be. But when the ſtone is con- 
terably wore, and become light, the mill muſt be 
d ſlowly at any rate; otherwiſe the ſtone will be 
o much borne up by the corn under wits: "MEA. 
ll make the meal coarſe, | 


| The quantity of power n to turn 4 
avy millſtone is but very little more than | what 
cient to turn a light one: for as it is ſup- 
G ' ported | 
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tween the furrows. Theſe are cut the ſame way it 


face towards that of the lower. For, if the fur 


of the corn would be drove onward in the ou 
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ported upon the ſpindle by the bridge-tree ie, 13 


and the end of the ſpindle that turns in the bi 
foot therein being but fmall, the odds ariſing frog 
the weight is but very inconſiderable in its adi 
againſt the power or force of the water. And be 
ſides, a heavy ſtone has the ſame advantage az y 
heavy fly 5 namely, that it regulates the moto 
much better than a light one. | 

In order to cut and grind the corn, both the 
upper and under miliſtones have channels or fur 
rows cut into them, proceeding obliquely from the 
center towards the circumference. And theſe fu 


rows are each cut perpendicularly on one ſide anti... 
. obliquely on the other into the ſtone ; which ging 
each furrow a ſharp edge, and in the two hows 


come, as it were, againſt one another like the edgy 
of a pair of ſciflars : and fo cut the corn, to male 
it grind the eafier when it falls upon the places be 


both ſtones when they lie upon their backs, whi 


makes them run croſs ways to each other when tM 
upper ſtone is inverted by turning its furrowed ſu 


rows of both ftones lay the ſame way, a great dal 


furrows, and ſo come out from between the ſtood 
without ever being cut. 

When the furrows become blunt and ſhallo . 
wearing, the running ſtone muſt be taken up, as 
both ſtones new dreſt with a chiſſel and hamov! 
And every time the ſtone is taken up, there mil 


be ſome tallow put round the * upon the 11 
| W 


1 of water mills. | 
which will Joon be melted by the heat that the 
hidl acquires from its turning and rubbing 
t the buſh, and ſo will get in betwixt them: 
were the buſh would take fire i in a very lictle 


The buſh muſt. embrace the ſpindle quite cloſe, 
tc prevent. any ſhake in the motion, which would 
make ſome parts of the ſtones grate and fire againſt 
" other ; whilſt other parts of them would be 
oo far aſunder, and by that means ſpoil the meal 8 
in grinding. 

Whenever the ſpindle wears the buſh ſo as to 
gin to ſhake in it, the ſtone- muſt be taken up, 
id a chiſſel drove into ſeveral parts of the buſh; 
nd when it is taken out, wooden wedges mult be 
love into the holes; by which means the buſh 
ill be made to embrace the ſpindle cloſe all around 
again. In doing this, great care muſt be taken 
o drive equal wedges into the buſh on oppoſite 
des of the ſpindle ; otherwiſe it will be thrown 
Wut of the perpendicular, and ſo hinder the upper 
one from being ſet parallel to the under one, 
hich is abſolutely neceſſary for making good work. 
ben any accident of this kind happens, the per- 
endicular poſition of the ſpindle muſt be reſtored 
adjuſting the bridge · tree & T by proper wedges 
ut between it and the brayer 2 R. | 
lt often happens, that the rynd is a little wrenched 
n laying down the upper ſtone upon it; or is made 
o fink a little lower upon ane fide of the ſpindle 
dan on the other; and this will cauſe one edge of the 
per ſtone to drag all around upon the other, 
G 2 | whilſt 
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whilſt the oppoſite edge will not touch. But thi 
is eaſily ſet to rights, by raiſing the ſtone a link 
with a lever, and putting bits of paper, card, 
or thin chips betwixt the rynd and the ſtone, 
The diameter of the upper ſtone is general 
about ſix feet, the lower ſtone about an ind 
more : and the upper ſtone when new contain 
about 224 cubic feet, which weighs ſomewhat mot 
than 1900 pounds. A ſtone of this diameter 
ought never to go more than 60 times round in: 
minute; for if it turns faſter it will heat the meal 
The grinding ſurface of the under ſtone is 
little convex from the edge to the center, and th 
of the upper ſtone a little more concave : ſo tha 
they are fartheſt from one another in the middk 
and come gradually nearer towards the edges. ) 
this means, the corn at its firſt entrance between 
the ſtones is only bruiſed ; but as it goes farther a 
towards the circumference or edge, it is cut (mall 
and ſmaller; and at laſt finely ground juſt beſo f 
it comes out from between the ſtones. | 
The water-wheel muſt not be too large, fori 
it be, its motion will be too ſlow; nor too litth 
* then it will want power. And for a mill to 
in perfection, the floats of the wheel ought © 
move with a third” part of the velocity of the w 
ter, and the None to! turn round once in a ſecondd 
time. . 
Such a mill e as "this: _ fa of water aa 
125 feet, will require about 32 hoglheads every \ 
nute to turn the wheel with 4 third part of the w 


nd with which the water falls; and to 1 


O water mills, 


the reſiſtance ariſing from the friction of the geers 
and attrition of the ſtones in grinding the corn. 
| . The greater fall the water has, the leſs quantity | 
of it will ſerve to turn the mill. The water is kept 
up in the mill-dam, and let out by a fluice called 
the penſtock, when the mill is to go. When the 
atock is drawn up by means of a lever, it opens 
| through which the water flows to the 
wheel : and when the mill is to be ſtopt, the pen- 
ſtock is let down, which ſtops the water from fall- 
ing upon the wheel. 
| A leſs quantity of water will turn an overſhot 
mil (where the wheel has buckets inſtead of float 
boards) than a breaſt mill where the fall of the 
mater ſeldom exceeds half the height 4+ of the 
Wheel, So that, where there is but a ſmall quan- 
y of water, and a fall great enough for the 
wheel to lie under it, the bucket (or overſhot) 
wheel is always uſed. But where there is a large 
Woody of water, with a little fall, the breaſt or 
loat-board wheel muſt take place. Where the 
nter runs only upon a little declivity, it can act 
but lowly upon the under part of the wheel at 5; 
in which caſe, the motion of the wheel will be 
ery flow : and therefore, the floats ought to be 
very long, though not high, that a large body of 
Mater may act upon them; ſo that what is wanting 
pn velocity may be made up in power: and then 
cog wheel may have a greater number of cogs 
Proportion to the rounds in the trundle, in or- 
ber to give the millſtone a lufciens degree of ve- 
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96 | Of water mills; 
They who have read what is ſaid in the fr 
lecture, concerning the acceleration of bodies fall 
ing freely by the power of gravity acting conſtant 
and uniformly upon them, may perhaps aſk, wi 
ſhould- the motion of the wheel be equable, a 

not accelerated, ſince the water acts conſtantly an 
uniformly upon it? The plain anſwer is, that th 

velocity of the wheel can never be ſo great as th 
velocity of the water that turns it; for, if it ſhoul 
become ſo great, the power of the water would h 
quite loſt upon the wheel, and then there vol 
be no proper force to overcome the friction of th 
geers and attrition of the ſtones, Therefore, i 
velocity with which the wheel begins to move, nil 
increaſe no longer than till its momentum or forct i 
balanced by the reſiſtance of the machine; al 

then the wheel will go on with an equable motion. 

Atandnill. [If the cog wheel D be made about 18 inch 

diameter, with 30 cogs, the trundle as ſmall i 
proportion with 10 ſtaves, and the millſtones u 
each about two feet in diameter; and the whidl 
work be put into a ſtrong frame of wood, # tt 
preſented in the figure, the engine will be a hank 
mill for grinding corn or malt in private fatnili 
And then, it may be turned by a winch inſtea d 
the wheel 4 A: the millſtone making three tem 
lutions for every one of the winch; If a heavylf 
be put upon the axle B, near the winch, it ul 
aſſiſt greatly in regulating the motion. 
If the cogs of the wheel and rounds of Wl 
trundle could be put in as exactly as the teeth it 
cut in the wheels and pinions of a clock, then ( 


7 


of qvater. milk. 
wondle might divide the wheel exattly-:- chest ix 16 | 
lay, the trundle might make a. given number of 
revolutions for one of the wheel, without a fraction. 
But as any exact number is not neceſſary in mill - 
work, and the cogs and rounds cannot be ſet in ſo 
nuly as to make all the intervals betweer them 
equal; a frilful mill-wright will always E e the 
wheel what he calls. a. hunting cog z that is, one 
more than what will anfwer to an exa&tdivifion of the 
wheel by the crundle. And then, as every cog 
comes to the trundle, it wih take the next ſtaff or 
ond behind the one which it took in the former 
evolution: and by that means, will wear all the 
whary the cogs and rounds which work upon one 
another equally, and to equal diſtances. from one 
mother in à little time; and fo make a true uni- 
form motion throughout the whole work. Thus, 
in the above water mill, the me 10 ne. 8 8 4 
nd the wheel 61 cogs. 

Sometimes, where there is a cane gehe | 
of water, the cog-wheel A 4 turns a large trundle Fig-4 - 
BB; on whoſe axis C is fixed the horizantal wheel 
wh with cogs all around its edge, turning tuo 

les E and J at the ſame time; whoſe. axes or 
Ipindles G and I turn two millſtones I and &, upon 
fixed ſtones L and M. And when eee not 
hk for them both, either may be made to lie 
quiet, by taking out one of the ſtaves of its trun- 
de, and turning the vacgnt place towards the cg 
meet D. And there may be a wheel fiat an the 
upper end of the great upright axle C for turning 
a Sow wad of beuking-mills ; and other work for 
6 4 drawing 


4 
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A wind 


A torjemill. If, inſtead of the cog wheel A 4 
BB, horizontal levers be fixed into the axle C, be 


levers for turning the mill: which is often dox 
where water cannot be had for that purpoſe, 


little from thoſe of a water mill ; only the forme 


pendicular to the axis on which the arms are fit 


ferent, according to the different velocities from ti 
axis to the extremity of the vane. At the ais 


from the axis to the extremity, giving the vai! 
curvilineal form ; ſo that no part of the forced 


Of wind mills. d 
drawing up the ſacks, fanning and cleaning th 
corn, ſharpening of tools, &c. 


5 


and trunds 


low the wheel D; then, horſes may be put to the 


The working parts of a wind mill differ ven 


is turned by the action of the wind upon four fa 
every one of which ought (as is generally beliewd 
to make an angle of 54+ degrees with a plane pr: 


for carrying them. It being demonſtrable, thi 
when the ſails are ſet to ſuch an angle, and the an 
turned towards the wind, it has the greateſt pom 
upon them. But this angle anſwers only to ti 
caſe of a vane or fail juſt beginning to move“, 
for, when the vane has a certain degree of 1] 
tion, it yields to the wind; and then that angle mii 
be increaſed to give the wind its full effect. 
Again, the increaſe of this angle will be di 


will be 54 degrees, and thence continually it 

creaſe, giving the vane a twiſt, and ſo cauſing 

the ribs of the vane to lie in different planes, 
Laſtly, theſe ribs ought to decreaſe in len 


* See MAC LAURIN's Fluxions, near the end. 
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7 | Of wind mill. 
„er rib be ſpent upon the reſt but all move 


"independent of each other,” All this is required 


o give the ſails of a wind mill their. true form: 


d we ſee both the twiſt aun de men of, £ 


he ribs exemplified in the wings of birds. 


It is almoſt incredible to kink with 10 n | 


iry the tips of the ſails move when acted upon by 


moderate gale of wind. I haye ſeveral times 
ounted the number of revolutions made by the 


ils in ten or fifteen minutes; and from the length 


f the arms from tip to tip, have computed, that 
a hoop of that diameter was to run upon 
be ground with the ſame velocity that it Would 
ove if put upon the ſail · arms, it would 80 up- 


yards of 30 miles in an hour. 


As the ends of the ſails neareſt ra axis cannot 


nove with the ſame velocity that the tips or far- 
heſt ends do, although the wind acts equally 
ys upon them; perhaps a better poſition than 

t of ſtretching them along the arms directly 


rom the center of motion, might be to have them 


t perpendicularly acroſs the farther ends-of the 


rms, and there adjuſted lengthwiſe to the proper 
ngle. For, in that caſe, botk ends of the fails 
ould move with the ſame velocity; and te ng far- 


her from the center of motion, they would have 
» much the more power: and then, there would 
no occaſion for having them ſo large as they are 
erally made; which would render them lighter, 

nd conſequently, there would be ſo much the leſs 


tion on the thick neck of the axle where it turns 


os wall. 
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A o A crans is an engine 


kun VIL and à gib or gibbet. When the rope H'is boch 


Fig. 1. 


the quay, is then brought over the quay by pulli 
the wheel Z round by the handles 2, 2, which tun 
the gib by means of the half wheel 3 fixt on te 


turns che wheel F with its upright axis G, on whid 


gib cede, it draws up the heavy burthen X; which 


as to prevent it from taking any unlucky ſwing 


rope tied to its arm d; and people are frequent 


F and g; and as the gib is turned towards eite 


quite unmanageable; for the moment it were tum 


by which great weight w 
raiſed tor certain heights, or let down to cert 


depths. It conſiſts of wheels, axles, pullies, roy 


to the weight K, a man turns the winch 4, on d. 
wheel C, on whoſe axis D is the trundle E, whid 


the great rope HH winds as the wheel turns; u 
going over a pulley I at the end of che arm d of th 


being raiſed to a proper height, as from a ſhip u 


'gib-poſt cc, and the ſtrong pinion à fixt on the 
axis. of the wheel Z. This wheel gives the ma 
that turns it an abſolute command ever the gib, f 


ſuch as often happens when it is only guided by 


hurt, ſometimes killed, by ſuch accidents. = 
The great rope goes between two upright rolle 
and, which turn upon gudgeons inthe fixed bei 


fide, the rope bends upon the roller next that f 
Were it not for theſe rollers, the gib would l 


ever ſo little towards any ſide, the weight X vod 
begin to deſcend, becauſe the rope would be het 
tened between the pulley I and axis G, and fl 


* vA eiths 


Of eranes; _ 
be tes itſelf do pieces, or every n „ 
47 te in its way. "Theſe rollers muſt. be placed fo, 
the ſides of them round which the rope bends, 
keep the middle of the bended part directly 
er the center of the hole in uhich the upper 
wdoton of the gib turns in the beam T. The 
or theſs rollers are placed, the eafier the gib is 
ge 22 1 wt 
he force of the weight K. 
| A tuchet · wheel Qs fixr upon the axis D, near | 
he trondle E; and into this wheel falls the catch 
click R. This hinders the machine from run- 
ing back by the weight of the burthen I, if the 
mn who raiſes it ſhould. happen to be careleſs, 
nd fo leave off working at a winnen foaner 
in he ought to do. + A 
| When the burthen K is raiſed to 1 Roser height 
dom the ſhip, and brought over the quay by turn» 
bg of the gib, it is let down gently upon the 
Way, ot into a cart ſtanding thereon, in the fol- 
wing manner :--A man takes hold of the rope 
f (which goes over the pulley v, and is tied to 4 
ook at & in the catch R) and fo diſengages the 
ach from the ratchet wheel 2; and then, the 
han at the winch 4 turns it backward, and lets 
own the weight X. But if the weight pulls toe 
* apainſt this man, another lays bold of the 
adie V, and by pulling it: downward, draws the 
pipe U cloſe to the wheel 2, which, by rubbing 
ad againſt the gripe, hinders the too quick de- 
at of the weight; and not only ſo, but even 
be it at an time, if required, "= this means, 
heavy 


' handle . 


half round forwards; which, by the crank 1 
_ raiſes up the frame b, and cauſes the trundle Bu 


of Cranes: 
heavy goods may be either raiſed or let Ad 1 
pleaſure, without any danger of n the mn 
who work the engine. 
When part of. the goods are 3 up, and 
rope is to. be let down for more, the catch R is fk 
_ diſengaged from the ratchet wheel Q, by 
the cord t; then the handle ꝗ is turned half round 
backward, which, by the crank uu in the pieces 
pulls down the frame þ between the guides mandy 
(in which it ſlides in a groove) and fo di 
the trundle B from the wheel C: and then, th 
heavy hook Sat the end of the rope H deſcenh 
by its. own weight, .and turns back — great whe 
F with its trundle E, and the wheel C; and thi 
laſt wheel acts like a fly againſt the wheel F ai 
hook ; and ſo hinders it from going down ty 
quick; whilſt the weight & keeps up the gripel 
from rubbing againſt the wheel 7, by means of 
cord going from the weight, over the pulley uy 
the hook in the gripe : ſo that the gripe nm 
touches the wheel, unleſs it be pulled down by u 


When the crane is is to be ſet at work again, ir 
drawing up another burthen, the handle q is tune 


lay hold of the wheel C; and then, by turning te 
winch 4; the burthen of goods K i is drawn * 
before. 

The crank n turns pretty Riff in | the monl 
near o, and ſtops againſt the farther end of it wid 
it has 8 got juſt a little beyond the perpendicus 


Of cranes. | 
8 itſelf: and there- 


heel C, until the handle q be turned half round. 
| The great rope runs upon rollers in the lever 
TM, which keep it from bending between the 
xle at G and the pulley J. This lever turns upon 
e axis N by means of the weight O, which is 
| ſufficient to keep its end L up to the rope; ſo 
hat, as the great axle turns, and the rope coils 
und it, the lever riſes with the rope, and pre- 
nts the coilings from going over one another. 
The power of this crane may be eſtimated thus, 
oppoſe the radius of the winch A to be twice the 
dius of the trundle B; this will make the power 
f the trundle upon the wheel C to be as 2: but 
{ the trundle has 8 ſtaves, and the wheel 64 cogy 
be trundle will increaſe the power of the wheel 
times, which multiplied by 2, the power of the 
inch, is 16; and if the trundle E on the axis of 
ie wheel C has 9 rounds, and the wheel F 72 
gs, the power is again 8 times increaſed ; which 
es the power of the wheel F as 8 times 16, or 
wy and laſtly, if the diameter of the wheel F 
eh times the diameter of that part of its axle G 
n which the rope winds, this again increaſes the 
boner 8 times, and ſo makes it 8 times 128, or 
024, which is the whole power of the machine; 
ſo much more weight a man can raiſe. by it 
dan he could lift in his arms with an N rh 
f ſtrength. ai vt} eic run u i dT 
I this power be thought greater than what may 
| Enerally wanted, 'the wheels may W 


fewer 


e, the trundle B can never come away from e | 


An other 
crane. 


fewer cogs in proportion do the ſlaves in the thy 
is judged to be requiſite. But if the weight hey 


poſe à double quantity) then the rope H may 


this wheel will only act as a fly upon the wheel 


the men ſhould inadvertently leave off n by 
fore the burthen be unhobked from G. 


ralſed, which might endanger the breaking of tit 


Df evenin 


dles ; and ſo the power may be of-whatever degry 


great as will require, yet more power to raiſe it (i 


put under a moveable pulley as d, and the end i 
ic tied to a hook in the gib at & which will git 
a double power to the machine, and ſo raiſe a d 
ble weight enn 0 e een 
pulley, * 

When only finall pita are to be raiſed, th 
may be quickly done by men puſhing the axle ( 
round by the handſpikes y,y, yy; having firſt di 
engaged the trundle B from the wheel C: and they 


and the catch R will prevent its running back; i 


Laſtly, when very heavy burthens are to l 


cogs in the wheel F; their force againſt theſe co 
may be much abated by men puſhing at the had 
ſpikes 9, 959. 5. whilſt the” man at 1 turns 1 
winch. 

I have only Hin che ont parts of 6 
crane, without the whole of the . which up 
port them; knowing that theſe axe eaſily ſuppolth 
and that if they had been drawn, they would ha- 
hid a great deal of 'the working Parts from gh 
and alſo confuſed the figure. 

Another very good crane is made-in the folls 


ing mer AA is a great wheel turned — 
W 


8 


0 the great rope D is wound as the wheel me 

A chis rope draws up goods in the ſame way as | 
he rope HH does in the abovementioned crane, 
the gib- work here being ſuppoſed to be of the ſame 
art, But theſe cranes are very dangerous to the 
en in the wheel ; for, if any of the men ſhould 
hance to fall, the burthen will make the wheel run 
and throw them all about within it; which 
n breaks their limbs, and ſometimes kills them. 
N um ingenious Mr. Padmore of Briſtol (whoſe | 
vatrivance the forementioned crane is, ſo far as 
can remeraber its conſtruction after ſeeing it once 
out twelve years ago) obſerving this dangerous 
caſtruftion, centrived a method for remedying it, 
putting cogs all around the outſide of the wheel. 
nd applying a trundle E to turn it; which in- 
raſes the power as much as the number of cogs 
c is greater than the number of ſtaves 
the trundle: and by putting a ratchet wheel # 
bs axis of the trundle, (as in the abovemen- 
pred crane) with a catch to fall into it, the great 
104 is ſtapt from running back by the force of 
e weight; even if all the men in it ſhould leave 
F walking. And by one man working at the 
1 or two men at the opp aſite winches When 
au], the men in the wheel: are much aſſiſted, 
d much greater weights are raiſed, than could be 
men only within the wheel. Mr. Padmore. put 
2 gripe-wheel G upon the axis of the trundle, 
5 dang ene in the ſame manner 2 de- 

bed in che former crane, — * 


ng within. it at H. Os the part C, of UTTER 4s 


* An aun the leaſt . And before 
this contrivance, the lowering of goods: Was abs 

_ ways attended with the utmoſt danger to the ma. 
in the wheel; as every one muſt nan 1 wh 

1 5 bus ſeen ſuch engines at work. ; 
And it is ſurpriſing that hs meine of a 
ä and cranes ſhould be ſo: regatdleſs of the limbs a 
even lives of their workmen, that, exc gr 
James Creed, there is ſcarce. an inſtance of 185 vis 
uſes this ſafe contrivance;/ . 
Fl car- The ſtructure of wheel. carriages is u 
28 wall known; that it would be needleſs to deſcribe 
them. Arid therefore, we ſhall only point ot 

ſome inconveniencies attending the common m 
thod of e the . and e an * 


In toaches, ad, all 0 four wheel'd emen 
the fore- wheels are made of a leſs ſize than the 
hind ones, both on account of turning ſhort, a 
to avoid cutting the braces: otherwiſe, the carriay 

would go much eaſier if the fore wheels wen i 
high as the hind ones, and the higher the bene, 
becauſe their motion would be ſo much the ſlow 
on their axles, and conſequently the friction pu- 

portionably taken off. But carriers and coach 

men give another reaſon for making the fore-wheel 
much lower than the hind-wheels; namely, ti 
when they are ſo, the hind-wheels help to puſh d 
the fore ones: which is too unphiloſophical and i- 
ſurd to deſerve a refutation, and yet for their fats 
faction we ſhall ſoon ſhew by experiment that it 
no o exiſtence but in their own imaginations: = * 
ES - 


It Ales * Nu. ſmall od. * turn as 
nuch oftener round chan the great ones, as their cir⸗ 
umſerences are leſs. And therefore, whien the 

Iaiage is loaded equally heavy on both axles, the 
Wore axle muſt endure as much more friction, and 
onſequently wear out as much ſooner, than the 
ind axle, as the fore - wheels are leſs than the hind 
des. But the great misfortune is, that all the 

19. 4- man do obſtinately perſiſt, againſt 
te cleareſt reaſon and demonſtration, in putting 
ic heavier part of the load upon the fore axle of 

ic Wagon 3 which not. only makes the friction 
reateſt where it ought to be Jeaſt, but alſo preſſeth 
he fore-wheels deeper into the ground than the 
ind-wheels, notwithſtanding the fore-wheels, be- 

j leſs than the hind ones, are with ſo much the 
reater difficulty drawn out of a hole or ver an ob- 

acle, eyen oy the weights on their.axles were 

qual, For the difficulty, with equal weights, will 

x 25 the depth of the hole or height of. the ob⸗ 
acle 18. to be ſemidjameter of the wheel. Thus, Fig. 3. 

| we ſuppoſe the {mall wheel D of the waggon 483 
fall into a hole of the depth EF, which is equal 
the ſemidiameter of the wheel, and the waggon 

be drawn horizontally along; jt is evident, that 

e point E of the ſmall wheel will be drawn di- 
ctly againſt the top of the hole; and therefore, 

ll the Power; of horſes and- men will not be able 

draw it out, unleſs the ground gives way before 

„ Whereas, if the hind-wwheel C falls into ſuch 

& hole, it ſinks not near ſo deep in proportion to 

e 5. and N the point G of the 


large 
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"fl 3 bee wilt nöt be dran Alfectiy, view 
ſiquel L 9 75 the to top of th hole; Wa so 
3 8 e an t of 1 it. Add tt his, That ſl 
1 W 22 BY iel nk to the Bottom of a ik 
in Which a great wheel will g &o bot a very little a 
the ſmall wheels ou ght in all realon' to be 104d 
with. leſs \ weight ha the great ones: and then tþ 
| heavier r part 15 the load would Be lefs Jolted us 
ward and downward, and the hörts tired ſo woc 


It 


up-hilt, 1. en fey be ak 1063 8 10 u i 

: part 5 much heavier than the fore ba r then th 
weight would overhang tHe hid Ke, eſpecial 
"the Tor be high, "Ad f enddager tilting up Up the for- 
wheels from the ground. In thits' cafe, the ful 
Way would be to 125 it Equally kelby on bit 
Ales; and then, as much more of re weight woul 
be crown Upon the Hind axle thah upon the fore 
a the ground riſes from a level below che carril 
But as this ſeldom hap ppens, and hen it doch! 

" fmall temporary \ weight laid upon the" pole berind 

" the horſes would edwin de danger; ind dn 

weight | tnig « be thrown * into ke Waggon Aden k 

. comes to level ground, fr is ftrangge tlat an ik 

rage ſo path 3 his ds would arife'from lu 

e 75 LA hind- Wheels heavieſt, "Rolled not be l 
ot By eottiplying Wirk is etHba."  * 

Kee #67 Lil 135 He es us by enper ment, kn 
nall model's F Wiggon be mache, With its fr 


(heels 2 1 inches in Ia eier, Aud its Wb 
wi n 


9 00 , | 
Wl weeds 45 the whole. model, weighing abays, 20 


12 Let chis little garriagę beJloaded apy how 
3. Wl vic veights,; and bays 2 ſmall cord ried 5 egch 
a [i ins, cull eh ror hn rad 5 ws 
i WY end iet 1s. be dizun along, 4 orig 
, firſt by a weight in a ale 8 
i the fore part; the gord going ver a pulley af 
We of the board th facilitate the draught, and 


the weight juſt ſufficient to draw it along. Then, 
um the carriage, and hang the ſcale and weight to 
the hind cord, and it will be found to moye along 
rich che ſame velocity 3s at frſt: which ſhews, chat 
the power ze gpired 0 draw the carriage is all the 
ſane, Whether the great or ſmall wheels are fore- 


in the Jeaſt to puſh on the ſmall wheels in the road, 
Hang the ſcale to the fore cord, and place the 
ore-wheels (which are the ſmall ones) in gwo holes, 
aut thiee eighth parts of an inch deep into the 
band; chen put à weight of 32 gunces into £ 
mniage, over the fore axle, and an £qual Neis 
mer the hind one: this done, put 44 Ounces info 
le ſcale, which will be juſt ſufficigot to draw out 
he fore-wheels : but if this weight be taken out 
f the ſcale, and one of 3:6 QUnees.;PYF into ig 
place, if che hind-wheels are placed in the holes, 


le mare than a third part of what was nevelliu 
= our the, fore-wheels, This ſhews,. that 


Wie, aol an, bo + Sroun 


not; and therefore the great wheels do got help 


he 16 ounce weight will draw them gut; Which is 


er the wheels, are, the leſs power 0 Sap? the | 
100 tr ot 
ut 


100 


put 38 ounces into the ſcale, which will juſt dra 


, eber. chat if che whole An che W 


Put 64 ounces over the axle of the WR hid 
and 32 ober the axle of the fore 'ofies, in the tu 
riage; and place the fore wheels in the holes: then, 


out the fore: wheels; and when the hind ones com 
to the hole, they will find but very little Wien 
Decauis they ſink but a little way-into' it. 


But ſhift the weights in the carriage, by putting WW - Let 
the 32 ounces upon the hind axle, and the 64 ouncs to 2 | 
upon the fore one; and place the fore-wheels in the i for he 
holes: then, if 76 ounces be put into the ſcale, i Mi cdgew! 
will be found no more than ſufficient to'draw o the ed 
theſe wheels; which is double the power require ſcale a 

to draw chem out, when the lighter part of the Then, 
was put upon them: which is a plain demonſtratm lay it f 
of the abſurdity of putting the heavieſt part d the 
_ load in the fore part of the waggon. vill dr 
Every one knows what an out- cry was made by upon i 

| os generality, if not the whole body, of the car be con 
. rlers, againſt the broad- wheel act; and how ham and in 
it was to perſuade them to comply with it, em be bri 
though the government allowed them to draw vu in bro: 
more horſes, and carry greater loads, than uſu Wiſh eus 
Their principal objection was, that as a broul iſe gre 
wheel muſt touch the ground in a great many ma ( ugpo! 
points than a narrow wheel, the friction muſt d dould 
courſe be juſt ſo much the greater; and con. 4 4 
quently, there muſt be ſo many more horſes du Sound 
uſual, to draw the waggon. I believe that the m load li 
Jority-of people were of the ſame opinion, lt 55 


2 5 4 


Obel carriages. i 
20 lad in ĩt hears, upon a great many points, each 
. uſtins, a proportianably leſs degree of weight and 
friction, than When it bears only upon a fey, Points ; ; 
ſo that what is wanting in one is made up, in the 
other; ad ther efore will be juſt equal under equal 
degrees. of weight, as may be n by the follow - 
ing plain and eaſy, experiment. 

Let one end of a piece of packthread be faſtened 
to a brick, and the other end to a common ſcale 
for holding weights : then, having, laid the brick 
edgewiſe on a table. and let the ſcale hang under 
the edge of the table, put as much weight into the 


ot 

ire RY ſcale as will juſt draw the brick. along. the table. 
a Then,. taking back the brick to its former place, 
tins RY lay it flat on the table, and leave it to be ated upon 


by. the ſame weight in the ſcale as before, which 
vill draw it 1 with the ſame eaſe as when it lay 
upon its edge. In the former caſe, the brick may 
de conſidered as a narrow wheel on the ground ; 
ad in the latter, as a broad wheel. And ſince 
the brick is drawn along with equal caſe, whether 
is broad ſide or narrow edge touches the table, it 
lens that a broad wheel might be drawn along 
the ground with the ſame . eaſe as a narrow one, 
(fuppoſing them equally heavy) even though they 
ſhould drag, and not roll, as they go along. 

As narrow... wheels. are always ſinking. into the 
ground, eſpecially when the heavieſt. part of the. 
load lies upon them, they muſt be, conſidered. as 
pang conſtancly up- hill, even on level ground. 
And their edges muſt ſuſtain a great deal of friction 
by ng againſt the ſides of the ruts made by 
H 3 | them: 


— % 


PE Of abel carving, 
they. But both theſt incohVenichUties ate weicht 
by btoad Wheels; Which, inftead of cutting ad 
ploughing up the roads, roll them Tinooth 28d 
Harden chem; às èxperiende teftifies in places Whey 
ey have been uſed, eſpecially either on weitiſn v 
ſandy ground: though after al} jt muſt be conf, 
that they will not do in ſtiff tlayey troſt roads, be. 
18 taufe they would ſoon gather up the weight of u 
ordinary 164d of Cy. OO Ox 
If the wheels were always tb go upon frnooh 
Ard level ground, the beft way would be to mals 
the ſpokes perpendicular to the naves; that is, 5 
ſtand at right angles to the axles, becaufe the 
world chen bear the weight of the load perpend: 
culurly, which is the ſtrongeſt way for wood, Bu 
beeauſe the ground is generally uneven, on 
Wheel often falls into a cavity or rut when the othe 
does not; arid then it bears much more of th 
Weight than the other does: in which cafe, toi. 
cave or diſping wheels are beſt, becauſe when on 
falls into a 'ritt, and the other keeps upon high 
ground, the ſpokes become perpendicular in th 
Tut, and therefore have the greateſt ſtrength whe 
the obliquity*of the load throws moſt of its weight 
upon them; Whilſt thoſe on high ground have | 
weight to bear, and therefore need not be at thet 
Full firengrh. Sd that the ' uſual way of making 
tlie Whedlsiconcave'is'by much the beſt. 
he axles of the wheels ought to be perfech 
RHight, that the tims of the wheels may be fr 
*raftel to each other; for then they will move eafil 
checauſe they will be at liberty to go on ftraipht 
8 1 ; : forward 
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FS | 
he e fides of of the wheels next the ng 55 88 
e another. can their oppolite or higher | fides ap: | 
5a this not. only 79 5 the W 4. eh ewi 
they go along, gives the load 4 möüch 75 
r power of n them than when they are f 
allel to « each other, but alſo. endar 
urning 0 of t the carriage 955 5 any. w} 8 falls ig 
| hole or rut; or Bord the 1 IF 


"D, 


por r Cart) let 1 5 Fd B F 8515 1 1750 
dar 15 Fay other, - on their ſtr: ight axle K,. a 
ict, the carriage | loaded with heavy 
b C. "Then, as t the e carriage goes on inthe e 
pad Af, the center of gravity of the whole ma- 
hine ar Lead will be at e, 

deen Ca H falling Within the wheel BF, the c car- 2 
age will not overſet. But if the wheels be in- 


1 75 of dire 


Ale > 
center off 
55 e E 
i » 725 oe TON rom b E. the Eg offi on 
nr, om Co 1 el are x" 18 


2. 2180 Bf 


and the line of di. „ 


lined 15 each 9 other at the ground, as AE and Fig. 5 - 
5 ane i EG, from C 1 85 
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2 \ 
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Of: wwhert carriage. 1 
9 'dneion Kb without the heel BF, and the 
the. load oyerſers. the waggon. 
| alt there De: 10 ? advantage. Sold wal fol 
wheels, on account of the carriage turhing mor 
eaſily and ſhort, than it can be made to do When the 
are large 3 there is at leaſt as great # difadvantag it 
tending them, which is, that-as their axle f is beloj 
he: level of the holes breaſts,” -the horſes hot onh 
ve the: loaded carriage to drav / along, but ah 
parte f its. weight to bear; which tires them ſoone, 
ode makes them grow much ſtiffer in their bam 
than they would ber if they drew on a level with th 
fore axle. And for this dead, we find coach bott 
Joon, become unfit for riding. So that on all 2 
counts it is plain, that the fore-wheels of all car 
tiages ought, to be ſo high, as to have their uh 
even with the breaſts of Ne. horſes ; which voll 
not only give the horſes a fair draught, but like 
Wise cauſe the machine | to be Srown by. a leſs dee 
of power. 
Pi N. e ſhall. 8 this lecture wich a ; deferipi 
wy * of of Mr. V awulaws's curious engine, which was mal 
uſe of for driving the piles of Weſtniinſter-bridg: 
and the reader may caſt his eyes upon the firſt and 
ſecond figures of the plate, in which the ſame It 
ters of reference are annexed to the ſame parts, b 
order to expläin tlioſe in the ſecond, te are tin 
partly or wholely hid in the firſt. 
Tbe ite. A js the great uptight ſhaft or ales « on „ 
Been are the great heel and drum C, turned by horls 
Reds 5 11 bars 1 ide wheel B Ing 
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| af te g e 
Ccundle X, on the top of — is the ay 05 
which ſerves to regulate the motion, und alſo ts 
ick ugainft the horſes, and leeep them from falling 
when the heuvy ram . is diſcharged to drive tiie 
ile P don imo the mud in the bottom of the 
mer. The drum C is looſe upon the ſhaft Ii, but 
x locked to the wheel B by the bolt 2 On this 
dum the great rope HE is wound'; one end ef 
the thpe being fixed! to the drum; and the orher to 
the follower G, o. which it is eonꝰ eyed over the 
pulſies' F and K. In che follower” G is contained 
wither F (Se Fig. 3) that"takes hold of the 
um & by the ſtaple R for drawing it up. Dis 
4 ſpitallor fuſce fixt to the i. on Which ts 
wound the ſmall rope 7 that goes over the pulley, 
U under the pulley 7, and is faſtened to the top 
of the frame at 5. To the pulley-: block “ is hufig 
the couriterpoiſe , which hinders the follower from 
accelerating as it goes down to take hold ef tlie 
m: oct” as the follower tends to acquire velocity 
In its deſcent, the line 7 winds downwards upon 
ſhe fuſee, on a larger and larger radius, by which 
means the tounterpoiſe Wacts ſtronger and ſtronger 
wainſt it; and ſo allows it to come down with 
only 2 moderate and uniform velocity. The bolt 
T locks the drum to the great wheel, being puſhed 
pward by the ſmall lever 2, which goes through 
| wortiſe in the ſhaft A, turns upon a pin in the 
bar 3 fixt into the great wheel B, and has a weight 
4 vhich' always tends to puſh up the bolt through 
de wheel into * L is the great lever 
Wrning on the axis u, and reſting upon the forcing 
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5 up by the tongs F in the follower E, until the tom 


bar 5 
the 


weight of their heads cauſes them to fall outyal | 


drum is tyraing-hackward, the .counterpoiſe ,, 


— 


ae fitle ine; 
5 5» Which goes, down through a hollow j 
ſhaft J. and hears ppon r lire lever 2, 
| By the horſes going round, the great rope Hy 
wound abut the drum C, and he ram £. js dan 


comes between the inclined planes E; which 
ſhutting the tongs at the top, opens it at th 
foot, and diſcharges the ram, which falls down be 
tween the guides h upon the pile P, and drives i 
by a few ſtrokes as far into the mud 45 it ca 
£9; after which, the top-part js ſayed off cloſe y 
«be mud, by an engine for that mme 
diately after the ram is diſcharged , the Piece 
%pon the follower G takes hold of the ropes 44, 


which raiſe che end of the lever L, and cauſt i 


end N:to deſcend and preſs down the forcing har; 
upon che little Jever 2, which, by pulling down th 
colt Y, unlocks: the drum C from the great whe 
; and then the follpyer, being at liberty, com 
down;by.its own weight to the ram; and the lou 
ends of the tongs iſlip over the ſtaple R, arid the 


and huts upon it. Then,the weight 4 puſhs q 
the bolt 7 into the grum, which locks it tp i 
great wheel, and ſo the ram. is drawn. up as bent 

As the follomer comes down, it cauſes the dry 
tO turn back ward, and unwinds the rope from ij 
whilſt the horſes, great wheel, trundle, and f/ 
on with zan pninterrupfed motion: and 35 ih 


drawn up. and & its rope I ound won , the ſid 
OE 534 Rails * 
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5 of ie pil ente 8 
me ſeveral holes in the under fide of he 
m; and the bolt T always takes the firſt one 
4 1 finds when the drum ftops by the falling of 
I follower upon the ram q until which ſtoppage; 
bolt has not time to flip into any of che holes. 
re ayer n the w- 
lerer had the good fortune to ſee it, bus "| 
v this Higure from a model which I made fret 
print of ts being not quite ſatisfied wich the 
which the print gives, I have been wid that 
ram was a ton weight, and that the guides 55, 
xn which it was drawn up and let fall down, 
ne zo feet high. I ſuppoſe the great wheel may 
re had 100 cogs, and the trundle 10 ſtaves or 
we e ne ee 
wee 3 | 


LECT. v. 5 
0 hydrofttics, and Hydraulic ws in „ 


E ſeience of byiropatics dend 0h the: nature, 
gravity, preſſure, and motion of 5 in | 
il; and of weighing ſolids in them. 
A fluid is a body that yields to the leaſt prefſire, Dag 
difference of preſſures. Its particles muſt — sf, 
edingly ſmall, becauſe they cannot be diſcerned 

the beſt of «microſcopes ; they mult be hard, 
auſe no fluid, except air or ſteam, can be 1 

o a beſs ſpace than it naturally poſſeſſes; they 
alſo be wund 2 becauſe they are ſo 


eaſily 


6 E Hanftaien. 
eaſily moved among one another; unleſs i it can þy 
ſhewn' that their particles do not actually tou 
cach other, which would indeed ſeem to be the cat 
wich ſuch as are pungent and ſharp to the taſte. 
Al bodies, both fluid and ſolid, preſs döwnand 
by the force of: gravity: but fluids have this wa, 
detful property, that their preſſure upwardz a 
figdewiſe is equal to their preſſure, downwards, a 
this is always in proportion to their perpendiculy 
height, without any regard to their quantity: fe 
as each particle is quite free to move, it will mo 
towards chat part or ſide: on which: the preſſures 
leaſt; '- And hence, no particle or quantity of 
fluid can be at . till it is every way: —_ 
. preſſed. 0 l i 14. nd 
4 x. „ To ſhew by enperi went that fluids preſs apo 
a as well as downward, let AB be a long uprigh 
as much tube, filled with water near to its top; and CD1 
downward. ſmall tube open at both ends, and immerſed im 
the water in the large one: if the immerſion k 
quick, you will ſee the water riſe in the ſmall u 
to the ſame height that it ſtands in the great on 
or until the ſurfaces of the water in both are n 
che ſame level: which'ſhews that the water is pr 
upward into the ſmall tube by the weight of wit 
is in the great one; otherwiſe it could never ri 
therein, contrary to its natural gravity ; uoleſs ti 
diameter of the bore were ſo ſmall, that the 4 
traction of the tube would raiſe the water; vid 
„will never happen if the tube be as wide as tl 
in a common barometer. And, as the water rib 
no higher in che ſmall tube than till its n 


ie 


— 
| ved with the ſutface of the water in the great - 


* ſhews that the preſſure is not in pra} 
on to the quantity of water in the great tube, 


ut in n proportion to its perpendicular height there- 
u: for there is much more water in the great tube, 


ound the ſmall one, than what is: raiſed 46 
» ſame e {mall en it ſtands in the 
wat 419% 2700 311519. 499% Barr?) „ 1 47 B | 
Take out the ſmall tube, ok let the-water run 
wt of it ; then it will be filled with. air. Stop 
upper end with the cork C, and it will be full 
Hur all below the cork : this done, plunge it 
zin to the bottom of the water in the great 
de; and you will ſee the water riſe up in it to 
ic height E, which ſhews that the air is a body, 
therwiſe it could not hinder: the water from riſing 
p to the fame height as it did before, namely to 
{1 and in ſo doing, it drove the air out at the top; 
t now the air is confined. by the cork C: and it 
lo fhews that the air is a compreſſible body, for 
it were not to, a x drop been nu not enter 
mito the tube. ox; {ores onri os 
\Th preſſure — fluids: anion; equal in all di- 
it follows that the ſides of a veſſel are as 
oeh peel by a fluid in it, all around in any 
; en ring of points, as the fluid below that ting 
— by the weight of all that ſtands above it. 
the preſſure upon every point in the ſides, 
umediately above the bottom, is equal to the 
reſſure upon every point of the bottom.” To ſhew Fig. 2. 
by experiment, let a hole be made at e in the 
ug e of the tube 4B cloſe by the bo 


5 7 


— 


170 1 I 
= vc A ke hole of the ſame ſize. in the bottom uf. 1 
chen pour water into the tube, kreping it fully 

1 1 — ſhould run, and havem 
baſons ready to receive the water that runs throuy 

the two holes, until you think there is enough in ei 
baſon :; and you will find by meaſuring the quy 
tities, that they ate equal; which ſhews that tt 
Vater run with equal ſpeed through both hole 
„ 3 a einen he have done, unleſs.it had hes 
_ equally preſſed through them both. For, if a ba 

of che ſame ſize be made in the fide of the tiꝭ 

us about 7, and if all dee are permitted ton 
together, you will and cherche quantity runthrow 

che hole at f is r leſs than what has run inth 

lame time —— the holes C or . 

In the ſame figure, jet the tube be ro- curred fin 

dhe bottom at C into the ſhape D E, and the buk 

at be ſtopt with a cork. Then, pour water im 

the tube to any height, as Ag, and it will ſpoutij 

in a jet EG, nearly as high as it is kept in it 

tube AB, by continuing to pour in as much d 

as runs through the hole E; which will be the a 
whilſt the furface Ag keeps at the ſame height 
Anch if a little ball of ar be laid upon the 

of the jet, it will be ſupported thereby, and dus 
upon it.— The reaſon: — riſes not qui 

ſo high as the ſurface of the water Ag, 18-008 

to the reſiſtance it meets with in dhe Open dirt f 

f a tube either great or ſmall eee 

the pipe at E, che water would iſe ip iam 
— een bachauber — 
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Of yaban e. 2 
Ai denen) vf a fluid Bend falt Wöeerholey The han 
e tle ane _ 


% 


nen — — 
—— namely» that — 
5 druiliy à tbr porpendirulur Bright\\ windoks 
ein ber penn. h e n ente 
Let a fall glas tube BCG hem at both ids, Fig. 3 
d bended at I. be Joſie to che ond of lgfrat 
H u v Er the great vne it alſo tpn ; 
þ tt dete eubes may ih-their "openings" freely  - 
cchmümicate with: edeh other. | Ihen pour water 
| age ſmall necked funnel into the ſmall tube 
ie Ut this) warer will run chrough the Joining of 
le tades at £4} und riſe op. into the great tube: 
na you continue pouring until the furfacæ of 
Vater edmes to any part, as 24, in the great 
wube, and then leave off, you will ſee that the für- 
2 x of the water in che ſmall tube will de juſt as 
i* "Dx; {6 that the perpendicular altitude of 
he iter wi be the ſame in both tubes, however 
the one be in proportion to the other. This 
news, that che . 
—— if dir preMards webe not —— 
anottier in the fecur ved botidm at B. -Af the imall 
i made longer, and inclined in che firuarion 
085 the ſutfate df che water unit will ſtand ut 
. on che ſane level with the ſurfooe Hin he; gent 
whe; ihut is, che water will aver tha ſame per- 
evdicular-height in both „vüber] unthougkes che 


column 


112 


or ſize of veſſels be, if they are of equal height, 


Fig. 4, 5. 


ig. g.) upright in your hands over a baſon 004 


cC.olumn in the ſmall tube is longer than that in 


preſſures of equal heights of water are equal upa 
the bottoms of theſe veſſels; even though the or 


lines tied to hooks at 4 and d, fixed in the bi 


TT . , 9 
% [ 


\ 
' * 
* : : 


Of hydroflaties. - 


t one; the former being oblique, and the lu 
ö rr 


their perpendicular heights, without any regard i 
their quantities, it appears, that whatever the ſigu 


and if the areas of their bottoms are equal, th 


ſhould hold a thouſand or ten thouſand times u 
much water as would fill the other, To confirm 
this part of the hydroſtatical paradox by an er 
riment, let two veſſels be prepared, of equl 
heights, but very unequal contents, ſuch as 4% 
in Fig. 4. and AB/in Fig; 5. Let each veſſel le 
open at both ends, and their bottoms Dd, Dd it 
of equal widths. Let a braſs bottom (CC be e 
actly fitted to each veſſel, not to go into it, by 
for it to ſtand upon; and let a piece of wet leathe 


be put between each veſſel and its braſs botum de 


for the ſake of cloſeneſs. Join each bottom to i 
veſſel by a hinge D, ſo that it may open like the li 
of a box; and let each bottom be kept up tow 
veſſel by equal weights E and E, hung wo ls 
which go over the pullies F and F (whoſe blog 
are fixed to the ſides of the veſſels at F) and d 


bottoms oppoſite to the hinges D and D. Thug 
being thus prepared and fitted, hold the veſſel A 


table, and cauſe water to be poured into he 
n 1 ow 


bene nee of he water on ins | 
s the eight Ez and hon — water 9 — | 
1 el, 

began $0. Pine Way at d andechen, balding -up ahe | 
other: veſſel B Eig. 4.) tin;the ſame manner, 
cle water 9 be: poured into it. at: A i and you 
illſee that hen the water riſes to A in this. voſſal, 


ao gie may ar d, and it will loſe all the water. 
Ide natural reaſon of rhis ſurpriſing phenomenon 
ls, aha ſince all parts of 'a fluid at equal depths 
below the ſurface are equally preſſed an all manner 
of directions, the water immediately below, the 
fixed part Bf (Fig. 4.) will be preiſed as much up- 
ward againſt its lower ſurface within the veſſel, by 
the action of the column Ag, as it would be by a 
column of the ſame height, and Hans 
phatever;z (as. wag evident by the experiment with 
Wthecube Fig. g.) and therefare, lance Action andre 
alan are equal and contrary to one anvthery; che 
wur, immediately below the ſurface B, will he. 
preſſed as much downward: by it, as if it me img. 


the water any BD4f: will, be roſſe 8 
nuch down werd upon its bottom. CC as the bottom+ 
ti. the other — is pre e 1 the 


(6s RR ASE of dd 44h 3 
f ate a-likle fachen, Ita Hale .: 
| 1 . 50. @ 


juſt as-high as it did in che former, itz bottom wii 


e hn ie le, ——— 
it will (after flling che cavity ane 

igt the. tube C, until it comes to a level withthath 
the tube 4 which is, manifeſtiy owing to. 
preſſure, of the water in che tube 4, upon tha 
1 avity of the veſſel below it. Conſequeah, 
part of the top By, in which the hole is py 
made, would, if corked up, be preſſed upum 
5 with a force equal to the weight of all the war 
- which is. ſupported in the tube G: and the ſane 
ching would, hold at g, if a hole were made then 
And fa, if the whole cover or top Bf were full q 
holes, and had tubes put into them, the water 
each tube would riſe to the ſame height as it i 
kept into the tube 4, by pouring more into ib 1 
make up the deficiency that it ſuſtains by ſupp 
the — until they were all full, if equally high 
and then the water in the tube 4 would ſu pport equl 
heights of water in all the reſt of the tubes. 0. 
if all che tubes except A. or any other one, 
taken away, and a large tube equal in diameter u 
he whole ap / ere placed. pp it, and cemented 
to it, and then if water were poured. into the tube 
that was left in either of the holes, it would aſcend 
P rent of rr 


into it: " which — that the wo —— 
watd by the water under it; and before any hut 
was made in it, with a force equal to that when 
with it is now. prefſed'dowtiward: by the weights 
| ul che mar adore it an the great tube. Aud 


t NJ i 


e + ile Ae 10 K 
6 pres meaty e e wu fn ts 


| "Of 311 HR 1 4 A J 8 SF 10 178 3817: 


* Perhaps the! beſt müchine itt ile word” for AE: rig. 6. 
| wet the upward 4 "the 
bydroffatic bellows”; which Sint of rho U GN The bats 
oral boards, each about 16 inches broad” Ind . 
Inches long, covered with leather, to open arid th 
Jike 2 on bellows, but without Valves; 6 * 
pie Þ three feet High, is fixed into the bell 

Let ſome 7 be Nene all W 
„ which will run into the bellows,” and Tepatare 
he boards a little. Then, lay three weights 5 r, 4, 
ack weighing 100 pounds, upon the cher board 
d pour more water into rhe pipe F hich! will 
Im into the bellows, and raiſe 1 | Rs Bol with 
Wall the weights upon it! and if the p Ke) 
nul , until the weights are raiſed? Nen 4 80 | 
which covers the bellows will allow chem, "the wa”. 
xf vill remain in the pipe, ant upport an the” 
"even" chotſch it ſhould welch ho woe” 
than 4quarter of ap ad, als aky'; 60 pounds: nv? 
will all cheir force be able to el them to deſcend 
and force che water our at the top of che pi pl _—_ 
The reafon'of this will be made ice, as 
ſelering What bag been already ſaid of deer 
the prefſite”of fluids, ftöm its being is their” 
peadiculat” height: en wy Fegatd* fo wi 


quantity. 


| eig . 


5 Env EETETTTTLZ SETS 


r raſh + 


226 97 hglt. 

" quantity. For, if a hole 'be .made in the . 
board, and a tube be put into it, the water w AP" . 
riſe. in the tube to the ſame gs that it has in id it 

ipe 3 and would riſe as hig (by ſupplying c 

ipe) in as many. tubes as the board could com E 
holes. Now, ſuppoſe only one hole to be made y ud, 
any part of the board, of an equal diameter Wr, 

the bore of the pipe B; and that the pipe hl pi 
5 juſt a quarter of a pound of Water: if a yerly i* a gl 
ans his finger upon the hole, and the pipe be fly AP" pie 
with water, he will find his finger to be preſſed y A ©: 

| ward with a force equal to a quarter of a pom 
And as the ſame preſſure is equal upon al equi | 
parts. of the board, each part whoſe area js equi lf an 

to the area of the hole wil be preſſed upward vil 4 ling 

a force equal to that of a 79 7 of a pound: the BW"? 
ſum of all. which preſſures againſt the under bh pe © 
of an oval board 16 inches broad, and 18 inch erſe 1 
long, will amount to 300 pounds; 3 and therefor, ! tie 
ſo much weight will be raiſed up, and fu pported, þ „ ad 

2 quarter of a pound of water in the pipe. . 
How amm Hence, if a man ſtands upon the upper boyl 7 


himſclf up- and blows into the bellows through 1 the pipe 3, x 1 
3 hi will raiſe himſelf upward upon the board: and tk C Wi 
ſmaller the bore of the Pipe is, the eaſier he vi 
be able to raiſe himſelf. And then, by clapyi 
his finger upon the top of the pipe, he can lw WE. 
port himſelf as long as he pleaſes ; ; providel c „ 


bellows be Air-tight, ſo as not to loſe what is blon A a 
into it. 1 
Tl his figure, 1 confeſs, ought to Kage * ve been mud 4 8 


ger 6 chan any other a che plate; 3 but * 


of 2 bien 


vat tought. of. 177 all tlie rſt were drawn: : 
nd it could not properly come. Into any oe 
late. h „oe 2 

| Upon: ihe princi Ne * the upw ard preſſur re 0 How lead 
150 2 piece of lead may be made to ſwim in . 
uet, by immerſing it to a proper depth, and fvim in 
ping ig the water from getting above it. Let C D Fig. 7. 
2 laſs tube, open at both ends, and EFG a 

lt 753 of lead, exactly fitted to the lower end of 

e tube, not to gd within it, but for it to ſtand 

A ank "with a wet leather between the lead and tube 

ake cloſe work. Let this leaden bottom be 

uf an inch thick, and held cloſe to the tube by 

| fing the packthread THL upward at L with one 

ind, whilſt the tube is held in the other by tlie 

Ipper end C. In this ſituation, let the tube be im- 

erke in water in the glaſs veſſel IB, to the depth 

W three inches below tlie ſurface of the water at 

„ aud then, the leaden bottom E FG will be 
ing to the depth of ſomewhat mote than eleven, 

hes its own. thickneſs: holding the tube at that 

pn, you may let go the thread at L; and the 

td will not all from the tube, but will be kept 

d it by the upward preſſure of the water below it, 

cloned by the height of the water K above the 

fel of the Jead. The reaſon whereof is, that as 

As 11.33 times heavier than its bulk of water; 7 

dd is therefore immerſed to a deptli ſome- 

ſt more than 11.33 times its thickneſs, and no 

by Etting 1 into the tube between it and the le a, 

Ie E cofulnn of water EabcG below the lead 

ed upnard _ it by the water RDEGL 
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Of ce 
all 'around the tube; which being 2 little ow 


than 11:33" times as high as the lead is thick x 
ſufficient' to balance and fupport the lead at th 
depth XE. If a little water be poured into the 
tube upon the lead, it will increaſe the weight up 
the column of water under the lead, and cauſe the 
lead to fall from the tube to the bottom of th 
glaſs veſſel; where it will lie in the fituation Id 
Or, if the tube be raiſed a little in the water, th 
lead will fall by its own weight, which will tha 
be too great for the preſſure of the water aroynl 
the tube upon the column of water below it. 
Let two pieces of wood be plained quite flat 
o ſo as no water may get in between them if the 
de put together: let one of the pieces as bd b 


m cemented to the bottom of the veſſel A (Fig 70 


and the other piece be laid flat and cloſe upon i 
and held down to it by a ſtick, whilſt water i 
poured into the veſſel; then remove the ſtick, ui 
the upper piece of wood will not riſe from ie 
lower one: for, as the upper one is preſſed dom if 
both by its own weight and the weight of all ie 
water over it, whilſt the contrary: preſſure of ti 
water is kept off by the wood under it, it vill le 
as ſtill as a ſtone would do in its place. But if i 
be raiſed ever ſo little at any edge, ſome water vil 
then get under it; which being acted upon by tt 
water above, will im mediately preſs it upward; 
and as it is lighter than its bulk of water, it l 
riſe, and ſwim upon the ſurface. of the water. 
All fluids weigh juſt, as much in their own cb 
ment as they do open air. To prove this . 
experiment 


Of hydraulics. 
experiment, let as much ſhot: be put into a phial, 
u, when corked, will make it ſink in water: and; 
ring thus charged, let it be-weighed, ft in an, 
and then in water, and the weights in both caſes 
Jurte down. Then, as the phial hangs ſuſpended 
in water, and counterpoiſed, pull out the corks: | 
that water may run into it, and. it will deſcend, 
and pull down that end of the beam. This done, 
put as much weight into the oppoſite ſcale as will) 
reſtore the equipoiſe; which weight will be found 
bo. anſwer exactly to the additional weight of the 
pi when it is gs Oe in air RP 
7 if, «ffi f gs 4. 5 ay ns 
The velocity with which. water r Gong out 0 bed = 
hole in the fide or bottom of a veſſel, is as the $9.9. " 
ſquare: root of the depth or diſtance: of the hole water. 
low the ſurface of the water. For, in order to 
nale double the quantity of a fluid run through 
I e hole as through another of the ſame ſize, it 
il require four times the preſſure of the other, 
d therefore four times its depth below the ſur - 
we of the water: and for the ſame reaſon, three 
P. quantity running in an equal time through 
e fame ſort; of hole, muſt run with three times, 
5 velocity, which will require nine times the, 
elſure; and conſequently muſt be nine peat 
ep below the ſurface of the fluid: and ſo on,— 
10 n this by. an experiment, let two pipes, as 


«I 


EE LSS F 


5 
"= MC 


The ſquare. root of any number is that which: being LI 

0 by itſelf produces the ſaid number. Thus, 2 is the 

Jae root of 4, and 3 is the ſquare root of 9: for 2 multi- 

1 2 wy ates a by — &c A 
an 


1 5 os, 


Fig. 8. 


5 Of bydraulics. 


G and ge of equal $12'd bores, be fed into the gy 


deep below the ſurface of the water at 0 in the ye 
as the pipe C is: and whilſt" theſe pipes run; ls 


water be conſtantly poured into the veſſel, to keey 


the ſurface ſtilb at the ſame height. Then, if a cih 
that holds a pint be placed at K to receive the v 
ter that ſpouts from the pipe C, and at the ſame mo- 
ment a cup that holds a quart be placed near L U 
receive the water that ſpouts from the pipe g, bot 
cups will be filled at the ſame time by their w 


ſpective pipes 


The hori- The horizontal diſtance, to which a fluid wil 


zontal diſ- 
tance to 


ſpout from a horizontal pipe, in any part of th 


which wa- fide of an upright veſſe} below the ſurface of th 


ter will 


ſpout from fluid, is equal to twice the length of a perpendi 


pipes. 


Fig. 8. 


cular to the fide of the veſſel, drawn from the 
mouth of the pipe to a ſemicircle deſcribed upos 


the altitude of the fluid: and therefore, the flu 


will ſpout to the greateſt diſtance poſſible from: 


pipe, whoſe mouth is at the center of the ſemici | 


cle; becauſe a perpendicular to its diameter (ſup 
poſed parallel to the ſide of the veſſel) drawn fron 
that point, is the greateſt that can poſſibly be dnn 
from any part of the diameter to the circumferente 


of the ſemicircle. Thus; if the veſſel 4B be ful 


of water, the horizontal pipe D be in the middle 
its ſide, and the ſemicircle' Nedeb be deſcribed 
upon D as a center, with the radius or ſemidi 
meter Dg N, or Df6, the perpendicular Dd to the 
diameter N D#- is the greateſt that can be draw 
from any part of the diameter to the 2 — 

1 "1 each. 


i doub 


Of hydraulics. | 171 
ide N Ned es. And if che veſſel be kept full, che jet 6 ; 
all ſpout from the pipe P, to the Worirontalr diſtance 
NM, which is double the length of the perpen- 
dicular Da. If two other pipes, as C and E, be fixed 
into the fide of the veſſel at equal diſtances above 
and below the pipe Di the perpendiculars Ce arid | 
Fe, from theſe pipes' to the ſemicircle; will be 
«qual; and the jets F and I ſpouting from them 
will each go to the horizontal diſtance VX; wich 
i double the lengrh of either of che or Yo ad 
diculars'Cic'or Dl. 

If either of theſe pipes be elevated! 45 degrees 


wil {if above the level or horizontal poſition, it will ſpout | 

' the WW the water ſtill farther ; and at that elevation wil . 
the bout it to the greateſt horizontal diſtance poſſible; = © 
nd: WY taking this diſtance on a level with tlie hl At 

te y greater or leſs elevation, it will ſpout to a leſs 


diſtance : and at equal elevations above or ＋ 1 
45 degrees, it will ſpout to equal diſtances.” 
Fhuids by their preſſure may be conveyed 55e How water 
us and valleys in bended pipes, to any height = of 
pot greater than the level of the ſprings from over hills 
whence they flow. For ir has been already ewh alley. 
that they will riſe to the ſame level in bended pipes . Page 111: 
| But when they are deſigned to be raiſed higher than 
the ſprings, forcing engines muſt be uſed'; whith 
ſtall be deſcribed when we come to treat of pumps. 
A ſyphon, generally uſed for decanting liquors, 
194 bended pipe whoſe legs are of unequal lengths; 
and the ſhorteſt leg muſt always be put into the li- 
quor intended to be decanted; that the perpendi- 
ale altitude of the column of liquor in the other 


leg 


1282 
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Of bydraulics. 


leg may be longer than the column in the immergg 


leg, eſpecially . above the . ſurface of the water. 
For, if both columns were equally high in thy 
reſpect, the atmoſphere, which preſſes as much up 
ward as downward, and therefore acts as much vp. 
ward againſt the column in the leg that hang 
without the veſſel, as it acts downward upon the 


ſurface of the liquor in the veſſel, would hinder the 


running of the liquor through the ſyphon, ev 


though it were brought over the bended top by 


ſuction. So that there is nothing left to determine 
the motion of the liquor, but the ſuperior weight of 
the column .in the longer leg, on account of in 
having the greater perpendicular height. 

Let D be a cup filled with water to C, and 
ABC a ſyphon, whoſe ſhorter leg BCF is immerſed 
in the water from C to F. If the end of the other 
leg were no lower than the line AC, which is level 
with the ſurface of the water, the ſyphon would 
not work, even though the air ſhould be dran 
out of it at the mouth 4. For although the ſuftion Wi 


- would draw ſome water at firſt, yet the water would, 


ſtop at the moment the ſuction ceaſed ; becauſe the 


air would act as much upward againſt the water at 


A, as it acted for it by preſſing downward on the 
ſurface at C. But if the leg AB comes down to 
G, and the air be drawn out at G by ſuction, the 
water will immediately follow, and continue to 
run, until the ſurface of the water in the cup comes 
down to F; becauſe, until then, the perpendicular 


| height of the column BAG will be greater tha 
that of the column CB; and conſequently, its wy 
: vi 
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Of hydraulics. 7 
u be r, until the ſurface comes down to 
. and then the ſyphon will ſtop, though the leg 
J ould reach to the bottom of the eup at 6. 
or which reaſon, the leg that hangs without the 
p is always made long enough. to reach below 
e level of its bottom; as from d to E: and then, 
en the ſyphon 3 is emptied of air by ſuction at 


pulling one end of. a thread will make the whole 
ve follow. _ 

1 the 1 EOS height of a 3 "oa 
ſurface of the water to its bend at B, be more 


mn of water 33 feet high i equal to the weight 
23 thick a column of air, reaching from the 
ice of the earth to the top of the atmoſphere ; 
that there will be an equilibrium, and conſe- 


upon the ſurface C to make the water aſcend in 
kg CB almoſt to the height B, if the ſyphon 
emptied of air, yet the weight would not 
ſufficient to force the water over the bend ; and 
8 it could never be brought i into the is 


cemented into the hole, ſo that the end D of the 
ter leg DE may almoſt touch the bottom of 
cup within, "Than, if water he e into 


1 33 feet, it will draw no water, even though ö 
e other leg were much longer, and the ſyphon 
te emptied of air; becauſe the weight of a co- 


the water immediately follows, and by its con- 
vity brings. away the whole from the cup; juſt 


— 


this 


123 


ently, though there would be weight enough of 


Ne che band the pal" Fig: 10. 
| the longer leg of the benqed ſyphon — 


3 as copy 6 wil ne i me hefe g 
ward preſſure, extruding thie air àlf t 
ir through the longer leg: and 2 che %þ h 

| filled above the bend of the ſyphor at P, tie 


wn deen be emptied. 
| legs of the ſyphon in it are almoſt dll. ropes; 


| Nefmntain The device called the ſtuntals ar cm 1 
| at command. 


Plate XI. 
Fig. 1. 


be ſoldered to the veſſel! B; ſo that the par DF 


ſometimes put over the ſyphon to concenl it; the 


pipe C which opens into them bob Let % i 


' ” þ 1 
35 . J. g 
CS. 


Any ity 
Way Vefote 


ſite of the water in the cup will force ip! Pa oe 
bend of the ſyphon ; and it will deſcent it the the 
ger leg CBG, and run circa the bottom, thif 


+ This is generally called Tanaka "FF the 


' 


and a little hollow ſtatue, or figure of 4 mat, K 


bend E being within the neck of the figöre ay ligf 
as the chin. So that poor thirſty' Pantalus' frat 
up to the chin in water, imagininꝑ it will riſe 7 
little higher, and he may drink; but inſtead d 
tkatʒ when the water comes up to kis chin, it imme 
diately begins to deſcend, and ſo; as he cate 
ſtoop to follow it, he is left as much painted with 
thirſt as ever. 


upon the ſame principle with the fyphon in the Sy" 
Let two veſſels A and B belts þ together 


open at top; B cloſt both at top —— 
only à fmall hole at's to let the air get out of tis 
veſſel B;) and A be of ſuch a ſize, as to hold about 
ſue times as much water as B. Let a ſyphon DEF 


may be within' the veſſel; and F witllout it; tt 
end D almoſt wicking” the bottom - of the el 
atidthe end below the level of D': the — 

ng 


C Barents (> 325 

5 af 4by 2 pipe N — 

th 79 — n by the Blas G and H ban 
| A 1 e e r | 


r 


the 
ler; 
| OO OOTY OPTIO. — upon whic | 
aud ho yy f mobi abe. pipe C md (the veſſel By 5 ui 
To ichen it will begin to, run as. befare. And thus 
hon will:continue to gun and ſto 
ine mil all he Vater in dhe veſſel 4 bas run through 
tif A . 0 chat affer A few crials, one may 
e e e {yphon will Gop, 
e ir vill begin.to run : and men. to (amuſe 


1 995 may call 272 or run, accordingly. | 
25 this prinoiple, we: may eaſily account for — \ 
Wy. or zecprogating ſarings. Let Ad be H 
Withih Al h.chere,is a cavity BB; Fig. 2. 

5 * 3 a xein running in. the direction 
150 The rain chat falls ypon, che ſide; of the 
nil Gok and rain ahrough the ſmall potes 

| crannies G „G, C, G; and fill the cavity with 
Per F. When the water riſes tp the level MC, 
f N 3 3 er 2 5 TW 


126 o bulk engints 
until the cavity be emptied, and then it wil W 
until che cavity be filled again. 
Theme The common" ſuurlung pump, with which * 
r waterout of wells; is an en gine born pneumatic ai 
hydraulic. It conſiſts of à pipe open at both end 
in which is a moveable piſton, bucket, or ſucks, ti 
as big as the bote of the pipe in that part uberf of 
works 3 and is teathered roùnd, ſb as to fit the bir 
— and may be moved up and down, withox 
ſuffering any air to come between i and the Phet 
mp barrel. 0 
We ſhall er the Gaben hath of 
and the forcing pump by pictures of glaſs mode 
in which, both the action of che ant and bi 
tion of the valves are ſeen. 
Fig. 3- Fold the model ABC oprigtr in'the rele 
| water X, the water being deep enough to riſe i 
leaſt as high as from 4 to L. The valve a ond 
moveable bucket G, and the valve 5 on the fix 
box H, (which quite fills the bore of the pipe «i 
barrel at H) will each lie cloſe, by its own weigi, 
upon the hole in the bucket and box, until tte 
engine begins to work. The valves are made d 
braſs, and covered underneath with leather for ci 
ing the holes the more exactly: and the bucket! 
is raiſed and depreſſed alternately by the handk ! 
and rod Dd, the ducker nelly K at B beſt 
the working 
Take hold of he handle E, and h du 
up the bucket from B to C, which will make root 
for en che punip all the way below the * 


O Hdraulic enginel. a7 

and then its force is not equivalent to the weight or 
pref re of the, outward air upon the water in the 
gel K: and therefore, at the firſt ſtroke, the om -- 
Pud air will preſs up the water through the aatehed 

Woot into the lower pipe, about as far as 4: this 

and C to the ſame ſtate it was in before 3 and 

he, as its ſpring within the pipe is equal te che 

ode or preſſure of the outward air, the water will 

ie no higher by the firſt ſtroke ; and the valve , 

ich was raiſed a little by the dilation of the air 

ithe pipe, will fall, and ſtop the hole in the box 

and the ſurface. of the water will ſtand at e. 

ben, depreſs the piſton or bucket from C to B;. 

nd as the air in the part cannot get back again 

brough the valve #, it will (as the bucket deſcends) 

ule the valve a, and ſo make its way through the up- 

r part of the barrel 4 into the open air. But 

pon raiſing the bucket G a ſecond time, the air 

n it and the water in the lower pipe at e will 

again left at liberty to fill a larger ſpace ; and 

in ſpring being again weakened, the preſſure of 

outward air on the water in the veſſel K will 

ce more water up into the lower pipe from e to f; 

d when the bucket is at its greateſt height C, the 

ver valve ö will fall, and ſtop the hole in the box 

u before. At the next ſtroke of the bucket or 

fon, the water will riſe through the box ¶ to- 

«ds B, and then the valve ö, which was raiſed by. 

vill fall when the bucket G is at its greateſt 

git, Upon depreſſing the bucket again, the 


water 


P M A AA A G cc vw wag..." R . 


4 
' x 


the water above it cannot ſink when it is next 


which cauſes the water to-riſe, and-follow the pili 


Of FORO engines. . 
water cannot be puſhed back through the wi 
r cloſe upon the bole-whilſt the pity 
deſcends,. And upon raiſing, the piſton. again, & 
-autward. preſſure af the air will furce. the watery 
through AH, where it will raiſe the valve, and f 
Jow the bucket to C. Upon the next depreſiic 
the hucket E, it will go down into the water 
the barrel B; and as the water cannot be di 
back through the now cloſe valve 4, it will. 
the valve 4 as the bucket. deſcends, and vil 
lifted up by the bucket when it is next. raiſed. 
now, the whole ſpace below the bucket being | 


preſſed ; but upon its depreſſion, the valve a N 
riſe to let the bucket go down; and when it 
quite down, the valve 4 will fall by its weight, al 
ſtop. the hole in the bucket. When the buckal 
next raiſed, all the water above it will be liftedy 
and begin to run off by the pipe F. And th 
by miſing and depreſſing the bucket Alternatl 
there is ſtill more water raiſed by! it; which g 
over the pipe E, into the wide top 7, «ill ſupp 
pipe, and make it run with a continued fiream. | 
So, at every time the bucket is raiſed, the v 
b riſes and the valve @ falls; and at every time i 
bucket is depreſſed, the valve & falls and a a 
As it is the preſſure of the air or anmolpM 


or bucket G as it is drawn up; and fince a co 
of water 33 feet high is of equal weight uith l 
thick à column of the atmoſphere, from the ai 
to the very top of the air; therefore, the pe . 


07 bydraulic engines. 


ular height of the piſton or bucket from the 
fce of the water in the well, muſt always be 
than 33 feet; otherwiſe the water will never 
above the bucket. But, when the height is 
; the preſſure of the atmoſphere will be greater 
oth weight of the water in the pump, and will 
erefore raiſe it above the bucket :. and when the 
ater has once got above the bucket, it may be 
fed thereby to any height, if the rod D be made 
ag enough, and a ſufficient degree of ſtrength be 
mployed, to raiſe it with the weight of the water 
ore the bucket ; without ever lengthening the 
| roke, „ 

Ide force required to work a pump, will be ag 
e height to which the water is raiſed, and as the 
ure of the diameter of the pump-bore, in that 
m where the piſton works. So that, if two 
mps be of equal heights, and one of them twice 
vide f in the. bore as the other, the wideſt will 
ie four times as much water as the narroweſt 
d will therefore require four times as much 
ſength to work it. 


ber part beſides that in which the piſton works, 
es not make the pump either more or leſs dif- 
ult to work; except what difference may ariſe 
dm the friction of the water in the bore, which 
A greater in a narrow bore than in a wide 
+ becauſe of the greater velocity of the water: 
bon which account, the wider the better. 
The pump rod is never raiſed directly by ſuch a 
idle as E at the top, but by means of a lever, 
| whoſe 


The wideneſs or narrowneſs of the pump, if any 


. nerally neglected by pump- makers (either for wat 
pol ſkill or induſtry) the following table was cal 


| ſhorter arm five or ſix times; and, by that meas 


Now, if it be required to find the diameter df: 


Of hydraulic engin. net. 


whoſe longer arm (at the end of which the 
is applied) generally exceeds the length of 0 


gives five or ſix times as much advantage to ir 
power. Upon theſe principles, it will be eay ! 
find the dimenſions of a pump that ſhall work ij 
a given force, and draw water from any gia 
depth. But, as theſe calculations have been 


lated by the late ingenious Mr, Booth for their by 
nefit. In this calculation, he ſuppoſed the han 
of the pump to be a lever increaſing the pom 
five times ; and had often found that a man cu 
work a pump four inches diameter, and 30 f 
high above the bucket, and diſcharge 272 gall 
of water -(Engliſh wine meaſure) in a minus 


pump, that ſhall raiſe water with the fame eaſe iran 
any other height above the bucket ; look for thif 
height in the firſt column, and over-agaioſt it in i 
ſecond you have the diameter or width of t 
pump; and in the third, you find the quantity d 
water which a man of ordinary ſtrength can di 
Charge in a minute, 
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1 For theſBiameter of theſ Water diſcharg = | | 


pump above| bore where the| a minute, Engliſh 
the bucket. | bucket works. | wine meaſure. 
7 22 Q 2 
a 
NA > 8 
To —6 993 81 6 
15 | 2D 5 65 | 54 4 | 
20 4 90 . 
25 4 38 32 6 
30 41 . 
5 23 3 
40 3 47 20 4 
45 + --4- #6 18 [3 
e | 8 
1 14 7 
1 3 
* | 3 
70 2 62 1 
75 2 53 | 10 7 
. C 


Ide forcing pump raiſes water throügh the box Fig. 1. 
in the ſame manner as the ſucking pump e 
den the plunger or piſton g is lifted up by the rod 

4 Bit this plunger has no hole through it, to 

the water in the barrel BC get above it, when it 

depreſſed to B, and the valve þ (which roſe by 

aſcent of the water through the box H when 

plunger g was drawn up) falls down and ſtops 

bole in H, the moment that the plubger is raiſed ' 

is greateſt height. Therefore, as the water be- 

en the plunger g and box H can neither get 

duch the plunger upon its deſcent, nor back 

a into the lower part of the pump Le, but has 

K 2 | a free 
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ter is forced through the pipe MM by the dein 


begins to be raiſed, becauſe the action of the vn 


the air has no way to get out of the veſſel by 
through the mouth of the pipe at 7, and cam 


and therefore the force of its ſpring will be ſo mul 


the greater force through the pipe at F: and a 


! 


Of hydraulic engines. 
a free paſſage by the cavity mn into the pipe 14 
which opens into the air-veſſe] KK at P; they 


of the plunger, and driven 1 into the air veſſel; 
in running up through the pipe at P, it 8 
valve 4; which ſhuts at the moment the plug 


againſt the under ſide of the valve then ceaſes, 

The water, being thus forced into the air-veſſel Il 
by repeated ſtrokes of the plunger, gets abovef 
lower. end of the pipe 6H, and then begins 
condenſe the air in the veſſel KK. For, as they 
GH is fixed air-tight into the veſſel below F, a 


get out when the mouth J is covered with wat 
and is more and more condenſed as the water nit 
upon the pipe, the air then begins to act forcibly 
its ſpring againſt the ſurface of the water H: a 
this action drives the water up through the p! 
1HG F, from whence it ſpouts in a jet $ to a g 
height; and is ſupplied by alternately raiſing 
depreſſing of the plunger g, which conſtantly i 
ces the water that it raiſes, through the valve 
along the pipe MM, into the air veſſel KK. 
The higher that the ſurface of the water Hi 
raiſed in the air-veſſel, the leſs ſpace will the i 
which before filled that veſſel, be condenſed int 


the ſtronger upon the water, and will drive it u 


ſpring of the air continues whilſt the plunges 
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f Haraulic engines. a+ 
ing, the ſtream or jet & will be uniform as long 2 Þ 
he action of the plunger. continues: and when 
valve 4 opens, to let the water follow the plun- „ 
r upward, the valve a ſhuts, to hinder the water, 
ich is forced into the air veſſel, from running 
ckby the pipe MM into the barrel of the pump. 

If there were no air - veſſel to this engine, the 

pe GHI would be joined to the pipe MN at 
KU So, the jet & would ſtop every time the 
unger is raiſed, and run wein . the plunger: 
depreſſeec. 

[Mr Newſham's water-erigine, toe hg f 

, conſiſts of two forcing pumps, which alter- 
oy drive water into a cloſe veſſel of air; and 
forcing the water into that veſſel, the air in it 
thereby condenſed, and compreſſes the water ſo 
ngly, that it ruſhes out with great impetuoſity. 

d force through a pipe that comes down into it; 

| makes a continued ſtream by the condenſation. 

the air upon its ſurface in the veſſel. | 

By means. of forcing pumps, water may be 
ied to any height above the level of a river or 

ingz and machines may be . contrived to work: 

e pumps either by a running ſtream, a fall of 
ner, or by horſes. An inſtance in each. for. 

l be ſufficient to ſhew the method. avs! 
Firſt, by a running ſtream, or a fall:of water, Plate XL 
t AA be a wheel, turned by the fall of water's: * 
J and have any number of cranks (ſuppoſe ſix) - 
O, E, E, G, H, on its axis, according to the 
ength of the fall of water, and the height to 
ch the water /is intended to be raiſed by the 

| . 3 engine. 
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A pump 
engine to 
go by wa- 


Wn 


convey the water (drawn up by them to a ſuil 


pipe, going from its reſpective pump into the < 


by the late ingenious Mr. A/derſea.' The watt 


pipes ; and therefore, when the ciſtern is once fil 


tended to raiſe it: which height depends upon thy 
quantity raiſed; and the power that turns the whed, 
a When the power pon the wheel is leſſened by uf 


Ade, by diſepgaging | their. rods: Now the my 


ee account in "RT ende E 


Of hydraulic engines.. 

As the wheel turn round, theſe eh 
hs oe levers: 66, e, H g, b. up and down, . 
the iron rods 1, kyt, m, 1% % Which alternately talk 
and depreſs the piſtons by the other iron wh 
2, J, T, l, I, u, w, x, y, in twelve pumps; nine when, 
as L, M,N, O, P, Q, R, &, T, appear in the plan 
the other three being hid behind the work 2) 
And as pipes may go from all theſe pumps y 


height) into a cloſe ciſtern; from which the nu 
pipe proceeds, the water will be forced into ty 
ciſtern by the deſcent of the piſtons. And as tal 


tern, has a valve at its end in the ciſtern, the 
valves will hinder the return of the water by th 


each piſton upon its deſcent will force the vn 
(conveyed. into the ciſtern by a former ſtroke) wm 
the main pipe, to the height the engine” was is 


defect of the quantity of water turning it, 2 pm. 
portionable number of the pumps may be lad 


Jevers. pe. 
This figure is a n ee of the engin 
eras at - Blenheim for the Duke of Mar bum 


wheel is 5 feet in diameter, according to * 


ö 7 
7 
1 4 
4 ; 
j FR *% 
- [ , 
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Of „ele engine. S 
When ſuch 4 machine is placed in a ſtream. 1 
1s upon à ſmall declivity, the motion of the le- 
«5 and action af the pumps will be but ſlow z 

ce the wheel muſt go once round for each ſtroke 

f che pumps. But. when there is a large body 

f low running water, a cog or ſpur; wheel may 

placed upon each ſide of the water wheel AA. 

on its axis, to turn a trundle upon each ſide 3 

je cranks being upon the axis of the trundle. 

nd by proportioning the cog wheels to the trun- 

ples,” the motion of the pumps may be made | 
cker, according to the quantity and ſtrength of i 
1 firſt; wheel; which may be as 
as the workman pleaſes, according to the 
th and breadth of the float - boards or wings 
8 * wheel. In this manner, the engine for raiſ- 
ig water at London Bridge is conſtructed; in whichy 

r water Wheel is 20 Wann and che —_ 
Fenn the 28 

| Where a ſtream, or fall of water cannat be Var 
In — want to have water raiſed, and ge by 1 
ght to their houſes from a rivulet or ſpring ; harſes. 
0 may be effected by a_ horſe-engine, working 
* forcing pumps which ſtand in a reſervoir 
i by the ſpring or rivulet: the piſtons being 
wr up and down, in the p pumps by means of © 
le. crank ABC, which, as it is turned round by 

© trundle G, raiſes and depreſſes the rods D, E, F. 

Ne trundle may be turned by ſuch a wheel as FFig. 2. 
v Fig. 1. of Plate VIII. having levers 5, 5, , Y on 

Is upright axle, to which horſes may be joined for 
Wing the engine, And if the wheel has, three 

K 4 | | times 
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turn of the great wheel. 


will be always one or other of them going dowe- 


juſt beginning to loſe its action upon the piſta 
ward, which will by its piſton continue the pu- 


down to che eee of b, a will be in the palin 


up and down in the pumps, the freer and better 
will their ſtrokes be: but a little deviation from 


Of hydraulic engines. 
times as many cogs as the trundle has ftaves'y 
rounds, the trundle and cranks will make three n. 
volutions for every one of the wheel: and a8 6 
crank will fetch a ſtroke in the time it goes round 
the three cranks will make nine an for 4 


The cranks ſhould be made of caſt ; iron, be. 
cauſe that will not bend; and they ſhould each 
make an angle of 120 with both of the othen x 
at a, ö, c; which is (as it were) a view of their rai, 
im looking endwiſe at the axis: and then, ther 


ward, which will puſh the water forward with: 
continued ſtream into the main pipe. For, wha 
5 is almoſt at its loweſt ſituation, and is therefor 


which it moves, c is beginning to move donn. 
pelling force upon the water: and when c is come 


ol. 
The trundle may be either on wake! upper or ur 
fide of the rim of the gre wining at the diſcre- 
tion of the workman. © 

The more perpendicularly the males more 


the perpendicular will not be material. Thereſor, 
when the pump-rods D, E, and F go down into 
a deep well, they may be moved directly by ti 
cranks, as is done in a very good horſe- engine 
this fort ac Sir James Creed's, which forces up jo 


8 


1 Of lydnaulic engines. 
ier about 40 feet from a well under ground, to a re- 
crroir on the top of his houſe at Grernevich. But 
when the cranks are only at a ſmall height above 
the pumps, the piſtons muſt be moved by vibrating 
levers, as in the above engine at Blenbeim: and che 
longer the levers are, the nearer. wilt we, ſtrokes be 
to a perpendicular. bi kts ile 
Let us ſuppoſe, och in fuck; an «angie as Sir Ire 
ames: Crecd's, the great wheel is 12 feet diameter, qu — antity of 
the we 4 feet, and the radius or length of each warn that 
crank to be 9 inches, working a piſton in its pump. mild by a 
Let there be three pumps in all, and the bort of 1 
ach pump be four inches diameters Then, if the 
great wheel has three times as many cogs as the 
rundle has ſtaves, the trundle and cranks will go 
three times tound for each revolution of the horſes 
and wheel, and the three cranks will make nine 
ſtrokes of the pumps in that time, each ſtroke be- 
ing 18 inches (or double the length of the crank) 
in a4 inch bore. Let the diameter of- the horſe 
walk be 18 feet, and the perpendicular height to 
vhich the water is raiſed are the nee ol _ | 
well be 64 feats. n 443 3 * 
If the horſes go at the rate — 4 two W an 
hour (which is very moderate walking) they will 
turn the great wheel 185 times round in an hour. 
In each turn of the wheel the piſtons make 9 
— in the pt, which amount to 168 3 in an 
. 
Each ſtroke raiſes a leer dees of 1 water 1 18 * 
og, and 4 inches thick, in the pump-barrels ; ; 
which hang, upon the deſcent of the piſton, is 
| forced 


Of bydraulic engines. FW 
forced into the main pipe, whoſe perpendicular 
tirude above the ſurface of the well is 64 feet. 
Now, fince a column of water 18 inches 1 
and 4 inches thick, contains 226. 18 cubic incha 
this number multiplied by 168 3 (the ſtrokes in u 
hour) gives 380661 for the nn wot "CO 
of water raiſed in an hou. 

A gallon, in wine meaſure, contains 231 ale 
inches, by which divide 380667, and it quot 
1468 in round numbers, for the number of gallon 
raiſed in an hour; which, divided by 63, gin 
262 hogſheads. If the horſes go faſter the quay 

my raiſed will be ſo much greater. | | 
In this calculation it is ſuppoſed that no water be leſs tl 
waſted- by the engine. But as no forcing engins {againſt t 
can be ſuppoſed to loſe leſs than a fifth part of th And, 
calculated quantity of water, between the piſtons a 
barrels, and by the opening and | ſhutting of th 
valves, the horſes ought to walk almoſt 2; mils 
per hour, to fetch up this loſs.” | 
A column of water 4 inches thick, and 60 kn 
high, weighs 3492 pounds averdupoiſe, or 4245 
pounds troy ; and this weight, together with de 
friction of the engine, is the reſiſtance that mul 
be overcome by the ſtrength of the horſes. 
he horſe-tackle ſnould be ſo contrived, that the 
horſes may rather- puſh op than drag the levers 
after them. For if they draw, in going round the 
walk, the outſide traces will rub againſt their ſides 
and hams; which will hinder them from drawing 
at right angles to the levers, and ſo make them 
pull at a diſadvantage. | But if they puſh b ” 
„ T 0 


1 

before their N. . inſtead of dragging it behind 
em, they can always walk at right angles to it; - 

It is no ways material what the dinmeter of the 
Imain or conduct pipe be: for the whole reſiſtance 
It the water therein, againſt the horſes, will be ac 
cording to the height to which it is raiſed, and the 
dameter of that part of the pump in which the 
piſton works 5 as we have already obſerved. So 
that by the ſame. pump, an equal quantity of water 
may be raiſed in (and conſequently made to run 
from) a pipe of a foot diameter, with the ſame caſe 
u in a pipe of five or ſix inches: or rather with 
more eaſe, becauſe its velocity in a large pipe will 


„ 
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not upon the length 
ndicular height to which it is raiſed therein above 


K & => = S> i 


wright-pipe AiklmnopqB, will raiſe it to the fame: 


For the preſſure of the water at the end A of the 


of the former. . . 


nd of a pipe, is always as the fine of the angle 


mon. For, although the water in the upri 
pipe IB would require a force applied W 
rely to the lower end A equal to the weight of all 


A 8 4 => E5 A 


a 
<> 


be leſs than in a ſmall one * and therefore its friction 
painſt the ſides of the pipe will be leſs alſo. 
And, the force. re ws ogg to raiſe water depends 

the Pipe, but upon the per- 


the level of the ſpring. So that the ſame force, Fig. 3. 
which would raiſe water to the height R in the? 


height or 4 BIA in the oblique pipe AE FOH. 
latter, is no man than its Tee r Nene the ed * 
The weight or leine of water at ch wir 


jo which the pipe is elevated above the level or 1. 


* water ip it to ſupport the water, and a little 
more 
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that pipe be inclined from its upright poſition to 1 


col elevation decreaſes; as will appear plainly by 


Of N engints. 
more to drive it up, and out of 18 pipe; pet, if 


angle of 80 degrees (as in A 80) the force requinj 
to ſupport or to raiſe the ſame cylinder of was 
will then be as much leſs, as the ſine 80 bis leſs thy 
the radius AB; or as the fine of 80 degrees is | 
than the ſine of 90. And fo, decreaſing as the 
ſine of the angle of elevation leſſens, until it x: 
rives at its level 40 or place of reſt, where th 
force of the water is nothing at either end of the 
Pipe... For, although the abſolute weight of th 
water is the ſame in all poſitions, yet its preſlun 
at the lower end decreaſes, as the ſine of the ang 


the ſcall 
contains 
of then 
its pref] 
dicular 


a farther conſideration of the figure. = 
Let two pipes, AB and BC, of equal length x 1 
and bores, communicate with one another at 4; 11 
and let the pipe 4B be divided into 100 equl i 3 1 
parts, as the ſcale & is; whoſe length is equal to ade 
the length of the pipe. Upon this length, as % 4 uf oi 
radius, deſcribe the quadrant BCD, and divide i Wi of the 
into 90 equal parts or degrees. There 
yo Let the pipe AC be filled with water, and cl unn 


vated to 10 degrees upon the quadrant; then, pat i be 00 
of the water that is in it will riſe in the pipe 45, 

and if it be kept full of water, it will raiſe the 
water in the pipe AB from A to i; that is, to a ler 
1 10 with the mouth of the pipe at 10: and te BF © 


upright, line @ 10, equal to Ai, will be the ſine and | 


10 degrees elevation; which, being meaſured upon 
the ſcale S, will be about 17.3 of ſuch parts as the 


pipe contains 100 in length: and therefore, the force 
or 


of Hydraulic engines. 


x preſſure of the water at A, in the pipe A! 10, wil 
e to the force or r preffure 1 at A in the pipe - AB, as 


W100; © 4 
25 the ſame "hips be elevated to 20 degrees in 
the quadrant, andif it be kept full of water, part 
* that water will run into the pipe AB, and riſe 
therein to the height Ak, which is equal to the 
length of the upright line 3 20, or to the ſine of 
20 degrees elevation; which, being meaſured upon 
the ſcale'S, will be 34.2 of ſuch parts as the pipe 
contains 100 in length. And therefore, the preſſure 
of the water at A, in the full pipe A 20, will be to 
its preſſure, if that pipe were raiſed to the perpen- 
dicular ſituation 4B, as 34.2 to 100. | 

Elevate the pipe to the poſition A 30 on the 
quadrant, and if it be ſupplied with water, the 
vater will riſe from it, into the pipe AB, to the height 
4], or to the ſame level with the mouth of the 


pipe at 30. The fine of this elevation, or of the an- 


gle of zo degrees, is c 30 which is juſt equal to 


Kal the length of the pipe, or to g of ſuch parts 


of the ſcale, as the length of the pipe contains 100. 
Therefore, the preſſure of the water at A, in a pipe 
elevated 30 degrees above the horizontal level, will 
be equal to one half of what it would be, if the 
ſame pipe ſtood upright in the ſituation AB, 
| And thus, by elevating the pipe to 40, 50, 60, 
0, and 80 degrees on the quadrant, the fines of 
theſe elevations will be d 40, e 50, 7 60, g 70, 
| and þ 80; which will be equal to the heights An, 
An, Ao, Ap, and Ag: and theſe heights meaſured 


upon the ſcale d will be 64.3, 76.6, 86.6, 93.9, 
and 


os - 
- 72 * . et 4 5 9 £ _ _— * 2 — oo WS?! - 
— — — - — — = — b —— way — P — a * 
== , Q N 8 * x — 
CRE gt . AM As th RR AED) — p ̃— , ,,,, — a. 
N es - — — — * 
— — 2 ů— H — - — — — U — (co — 1 — 0 
— — — ——-—-— — Y — — — — 3 a — — — — 2 — 
a — — Doc — . — — 4 — 2 82 
— 24 — « — — « — ———— —— pany — — a Han” —— — — > * Es 2 * _ 


> 4k ; 


1 
and 98.5; which expreſs the oo at Ain il 
theſe elevations, conſidering the prefſite1 in the up 
right pipe AB as 100. 

* Becauſe it may be of uſe to have the lengths d 
all the fines of a quadrant from o degrees to gg 
we ſhall here annex a table ſhewing the length of 
the ſine of every 
Pipe 5 to the radius of the quadrant) containg 

Then the ſines will be integral or whale 
os in length. But if you ſuppoſe the length of 
the pipe to be divided only into 100 equal pam, 
the laſt figure of each part or fine muſt be cut of 
as a decimal; and then thoſe which remain at the 


left hand of this ſeparation will be integral or whok 


oe 
5 Inc I parts Side [Pare Sine Sine I Par 
o of if of - of 
D. 7 ; 
9 74] got 


122 43 | 632 611875 79] 984 
| 139 44 | 695|| 52883] 80 990 
156 45| 70% 6389 B81] 98 
10173 4679648580 $2] 990 
111191 71731 651906] 83 
12208 48743 66913] 84 994 
134 225. 49 755|| 5272 851 99 
14 | 242 50| 766|| G68|gay]| 86 997 
| 5/259 $3|777|| 69[9331| 87] 996 
16]375 52 788|| 701939]| $84-999 
1171292 


181 309 


2 
O 
18 


721950 


Thus, if the radius of the quadrant (op 
to * equal to the n of che pipe 40 ) be di. 


vi 


degree in ſuch parts as the whole 


vided int 


45 degre 


to 707 0 


only int 


10 70) 

As it 
makers, 
ter will | 
given di 
weight | 
engines 
ing the 
in an uf 
meter fr 
height | 
with thi 
both in 
of cubi 
water cc 
282 wW1 


vided into 1000 equal parts, and the elevation be 
46 degrees, the ſine of that elevation will be equal 
to 707 of theſe parts: but if the radius be divided 


makers, to know what quantity and weight of wa- 
ter will be contained in an upright round pipe of a 


weight is to be raiſed „ they may proportion their 
engines to that force; we ſhall ſubjoin tables ſhew- 
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in an upright. pipe of a round bore, of any dia- 


height from one foot to two hundred : together 
vith the weight of the ſaid number of cubic inches, 
both in troy and averdupoiſe ounces. The number 
of cubic inches divided by 231 will reduce the 


182 will reduce it to the meaſure of ale gallons: 
Alſo, the troy ounces divided by 12 will reduce 


ounces divided by 16 will reduce the weight to aver- 

dupoiſe pounds. l 45 
And here I muſt repeat it again, that the weight 
or preſſure of the water, acting againſt the power 
that works the engine, muſt always be eſtimated 
according to the perpendicular height to which it 
to be raiſed, without any regard to the length of 
the conduct pipe when it has an oblique poſition 
ind as if the diameter of that pipe were juſt equal 
tO 


only into 100 equal parts, the ſame fine will be 
As it is of che greateſt importance to all engine- 
gen diameter and height; ſo as by knowing what 


ing the number of cubic inches of water contained: 


meter from one inch to ſix and an half; and of any. 


water to gallons in wine meaſure, and divided by 


the weight to troy pounds, and the averdupoiſe 
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| Hydroſftatical tables. 
to the diameter of that part of the pump in which 
the piſton works. Thus, by the following table 
the preſſure of the water, againſt an engine bot 
pump is of a 4 inch bore, and the perpendiculy 
height of the water in the conduct pipe is 80 feet 
will be equal to 8057.5 troy ounces, and to 8848.1 
averdupoiſe ounces ; which makes 671.4 try 
pounds, and 553 averdupoiſe. | 


F * Pe 4 f 4 | + tf 
One inch diameter. | 14 inch diameter. 


| F[Solidity Weicht [In wer- 
| 2 ſin cubic in troy |dupoiſe 
inches. {ounces. ſounces. 
| L 


$2 4-97] 5-49] 
13.85] 9.95] 10.92 
28.27] 14.92] 16.38 
37-70] 19.89] 21,85 
' 47.12} 24.87] 27.31 
0.558 29.384) 32.77 
34-82] 38.23 
39-79] 43-691]. © 
44-76] 49.16 
49.74 54-62 
138.49] 99.43] 109.24 
232.74 4 ot | 
198.95 278.47 
248.69] 273-99 
| | 298.43] 327.71] 
470 959-73 348.17] 382,33 
98] 397.90 436.95 
90 843.23] 447.64 491.57 
' [roo] 942.4 497-33} 546.19 
1384.96] 994.76 


Example. Required the number e, cubic inches 
and the weight of the water, in an upright pipe 21 
feet high, ang 11 inch diameter??? 


Here 
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all Here, the nearelt 2 Feet "coed 1 * 4 | wo | 
5 bole decimal figure 1, , 2004241: 1—22 8. 2 85 3 
e onfy taken into 701484. — 783.3= 860.2 
lat be 2ccount'3 and thi 3 Tos GS. Fre OP go 
tl hole being red ( [ant 278—5395.1—311100=3406 3 3. 
agen, amounts. 
z wine gallons 3 in "meaſure; to 259% | 


a and to N FE nn 


2 Inch _ =]; * Inches diameter. 1 
** P e e . RA 24 
7 eight ſi a1 Wer- ' 
4 troy dupoiſe 


| onces. ounces, 


of 31.08] ' 34.1 
62.17] 68.27 
93.260 102.41 
2 124434] 136.34 
155-43 170. 61 
a 204.32] 
212.50 238.960 
24] 248.69] 273-09] | 
14 279-77] 307-23] | 
310.86] 347.3 
8. 10 621.72] 682.74 | 
1767.1 :932«$6 1024-1 ; , - 
2356-20[1243 $1395-+ | 
0 2545.25 4.300766 
of 3634.290188 5. 1602048. 2 
of 4123-344: 76-0aj23B39.570 - 
47 12.39 486.8827 30.94] 
5301 797.4372. 30 
) 2; 0.49 128. +. | 
— 2780: 91 5217. 2014827. 


5 1357 | 
$07.96] 795.3 of $73-90 
$ 1384.96] 994.7 1092. 37 


5074730 

55 1900.27] 

01 184.7 
369. 


3392.921179 
1 „ 1989 


1 


ben 


| Theſe tables were krſt See to Fr deciinat 
7 


ices for the ſake of exactneſs; but in tranſcribing | 
em, there are no nivic than two decimal fiüres | 
n into the account, and ſometimes but one; 
it there | is no n, for computing to hun- 
L dreth 


ere, 


* 
4 


Hydroftatical tables; 


* 


ö 


i 


Zlinches. 


70 


900 
100 8482.3 
2001 16964. 6 


84.8] 44-76 


gl 268.58 
61 358.11 


2 447-04 


711342.92 


.112238.19 
5089.402685. 83 


3133.47 
83581.11 


.114028.75 


| 3 Inches diameter. 


. 


231 Inches diameter, 


n 


OUNCES. [OUNCES., 


809.53 
| 134-29 
223.82 


313.35 
402.87 


895.28 


1790.55 


4476.39 


49˙16 
98.31 
| 147-47 
196.63 
245.78 


| 
294-94 
| 344-10 


393-25] | 


442-41 
491-57 


— ñ—ñ—ͤ— 


983.14 
1474.70 
1966.27 
— 


3440.98 


3932-551]. 


4424.1 
4915.6 


2457-84 | 


2 Foray Weight In aver. | 
2 ſin cubicſin troy {dupoiſe | 


— — 


inches. 


u 209g 


hi 


GO ON 98 82 
QA 
\O 
dd 
I 


E 


20 


100011545. 4 


Solidity Weig t In aver} 
in cubic in 


5483.60 6021.7 
515 
213384 


dreth parts of an inch or of an ounce in practice 
And as they never appeared in print before, it may 
not be amiſs to give the reader an account of the 


8952.78 


9821.36 


2002 3090.7 


2185. 


principles upon which they were conſtructed. 


The ſolidity of cylinders are found by multiply- 
ing the areas of their baſes by their altitudes. And 
ARC HIMEDEsS gives the following p 


ropor*, 
tion 


Fhdroftatical tables.” 


( ö 4 _ "a ” D N * : a ae . wy RE de i 4; rigs, 

- Ko foe * - F * * * 4 4+} * — 1 7 o 1 * — 
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4 Inches diameter, 44 Seen gerede | 


aver EN ar 7 Weig fm Iver. a}: Soli WY} | erg t n Wer- | 
oiſe | 1 n troy updiſe || 3 in cubic;in troy dupoiſe . 
ces. |} inches. ſounces. ounces. - E inches. ounces. ounces. ;| .. 
66. | r 100.7 
35 | 201.4 
00.7 302.2 
67.6 402.9 
345 503.6 
101. 604.3 
7 1055.6 a 705 ) 
35-31 j| 1206.4] 636.6 Bog.7 
nag | 1357.2] 716.2 906. 5 
— 48 795. 1007.2 

q 3115.9] 1591. 2014.4 
11 9 4523.9] 2387. 3021.6 
70.3 | 6031.9] 3183.2 4028.7 8 
1% 2 J 3997-0 5035.9 | 
e 4774-8 6043.1 
bg, 910555. 5570. 64 | 7050.3 7742-2 | 
2b $q112063.7] 6366.4] 6 8057. 5] 8848.2] 
00.0 135717] 7162-2 964-7] 9954-3]. 
<4 do115079.7] 7958. o 210071. 0 $11 1060.3 
gens 001301 59-3 15916.0| . 45 812 2120. © . 


ton for finding the area of a circle, and the ſolidiry 

i 2 cylinder raiſed upon that circle. 

1 is to o. 7853 39, ſo is the ſquare of the dia- 

beter to the area of the circle. And, as 1 is to 

785339, ſo is the ſquare of the diameter mülti- 

dhe by the height to the ſolidity of the cylinder“ 

this analogy the ſolid inches and parts of an 
1 inch 


| ; 


Hydroftatical tables; 


5 Inches diameter. | | 54 Inches diameter, 


1 


6 ] 
8 Soli ity eig t aver- | Solidity Weigde 1 — 
A ſin cubicſin troy ddupoiſe in cubicſn troy |dupoiſ | | lin « 
| E]inChes. ounces. ounces. | inches. ounces. lounce Zack 
17 8 1 | | 
| 
| 


235.6 124.3 136.5|| i 285.1 150, 


I 

1 471-4 248.7] 273-I]] 2] 570. 2] 300.0 
3 706.8] 373.0] 409.6]] 3] 855.2] 451. 
4 497-4] 546.2] 4| 1140.4] 601. 
621.8] 682.7 | 5] 1425.5] 752.3 

— — — 1 — . — em 

746.1] 819.30] 6 1710.60 902.7] gf 
870.4] 955.8]| 7] 1995.7] 1053.2 
994-7] 1092.44] 8] 2280.80 1203.6 
2120.60 1119.1] 1228.9] 9 2565.9] 1354.1 
2356.2] 1243.4} 1365.5 10] 285 1.00 1504.6 


2486.9 2730.9 20 5702.0 3009.1 
3730.3] 4096.4] 30] 8553.0] 4513.7] 
497 3-8] 5461.9] | 49]1 1404. 0 6018.2] 


6217.2] 6827.3|| 50[14255.0] 7522.9 
/ 7460.6| 8192.8] | 60[17 106.0] 9027.4 
.4\ 8704.1] 9558.3] | 70[19957.0]10531.9]11498. 23. 
9.6] 9947.510923. 7] 800280g. oſi 2036.513100 927 
21205. 811190. 912289. 2] 90025659. 013541. 11478. 930 
23501. 9012434. 413654. 7 ll 000 z8 5 10. 05045. 616426 1099133! 
47 123.9/24868.8127 309.3] 200 57020. 0,3000 l. 32863. 00 b) 


inch in the tables, are calculated to a cylinder 200 
feet high, of any diameter from 1 inch to 6; 
inches ; and may be continued at pleaſure. 
The weight And as to the weight of a cubic foot of running 
water, * water, it has been often found upon trial, by Dt 
Wyberd and others, to be 76 pounds troy, which 
is equal to 62.5 pounds averdupoiſe. Thereſon, 


ſince 


% 


OS: . F 
Hydroftatical tables, lk 
6 Inches diameter. 62 Inches diameter. jt 
mm T7 Weight [In aver-| | PISolidity | Weight Un aver-| | : 
21 10 oy y dupoiſe af in — in Sus dupoiſe * | 
| . * il 
179.0] 196.661 ry 26.1] 230.2 " 
358.10 393-3]| 2] . 797-4 420-3] 451. bi) 
537-2] 589.9]| 3] 1195.6 630.4 692.1 Ul 
7.2 716.2] 786.5] 4| 1593.8] $40.6] 922.8 1 
5 895-3]. 983.10] . 5] 1991-9] 1050.80 1153.6 
| 2035.7] 1074-3] 1179.80] 6 2390. Jl WF 1384.3 | | 
2375.0] 1253 7 2788.3] 1471.10 1615.c 1 
2714-3 1432.41 8] 3186.5] 1681.2] 1845. 7] | | 
3053-6] 1611. 5 9] 3534-7] 1891.3] 2076.4 WM 
9 3392-9] ' 1790.6 10] 3982.9] 2101.50 2307.1 L | 
— | 2 ———— | 
6784.8] 3581.1 g 200 7965.80 4202.9] 4614-3 | 
o10178.8] 5371.7 | zo[11948.8 2 2 4 
913571. 7162.8 | 49[15931-7] 8405.9]. 9228.60 
| 50[16964.6] 895 2.8 EE 2 07.4 1535-7 
920357.5110743-3111797-0| | 60123897.0112008,9113542. 


70127880.5 Nane 16160. 
80031863. 4168 11.8 1275 | 
4. 


.$[12533-9 ö 
4.43 244157302 
go 35846. 3118913. $1207 


17905. ee 1000398 29.321014. 802305 1.5 
3581 1.2/39325. 12 7968. 6142029.614614 3 


lnce there we I 128 . inches in a ente 1 
I ttoy ounce of water contains 1.8949 cubic inch; 
and an averdupoiſe ounce of water 1.72556 cubic © 
uch. Conſequently, if the number of cubic inches 
contained in any given cylinder, be divided by 
18949, it will give the weight in troy ounces; 
[a divided by 1.72556, will give the weight in 
L ; e 


| averdupoiſe ounces. By this method, the weight 


Of hydraulic onde Ales. 


| ſhewn'in the tables were calculated; and are neu 


enough for any common practice. 


The re- engine comes next in order to be e 
plained: but as it would be difficult, even by the 


beſt plates, to give a particular deſcription of its 6. 


vera] parts, ſo as to make the whole intelligible 


I ſhall only explain the af HR _—_ which i 
is conſtructed. 


1. Whatever weight of water is to be raiſed 


the pump-rod muſt be loaded with weights fuf 


ficient for that purpoſe, if it be done by a forcing 
pump, as is generally the caſe: and the power of 
the engine muſt be ſufficient for the "_ of the 
rod, in order to bring it up. 

2. It is known, that the atmoſphere pute 


upon the ſurface of the earth with a force equal to 


15 pounds upon every ſquare inch. 
3. When water is heated to a certain degree, th 


— thereof repel one another, and contitut 


an elaſtic fluid, which is uy called fan ot 
_ 3 3s 
4. Hot ſteam is very elaſtic ; and oh it is 
cooled by any means, particularly by its being 
mixed with cold water, its elaſticity is deſtroyed 
immediately, and it is reduced to water again. 
5. If a veſſel be filled with hot ſteam, and ther 


| Cloſed ſo, as to keep out the external air, and al 
other fluids; when that ſteam is by any means cos 


denſed, cooled, or reduced to water, that water 


Will fall to the bottom of the veſſel; and the &@ 


perfect vacuum. 


vity of the veſſel will be almoſt a 
| 6. Whenever 


6. Whenever a vacuum is made in any veſſel, 
the air by its weight will endeavour to ruſh into the 
veſſel, or to drive in any other body that will give 
may 10 its preſſure; as may be eaſily ſeen by a 
common ſyringe. For, if you ſtop the bottom of 
[2 fringe, and then draw up the piſton, if it be ſo 
igt as to drive out all the air before it, and leave 
; vacuum within the ſyringe, the piſton being let 
g, will be drove down with a great force, 
7. The force with which the piſton is drove 
donn, when there is a vacuum under it, will be 
s the ſquare of the diameter of the bore in the ſy- 
inge. That is to ſay, it will be driven down with 
four times as much force in a ſyringe of a two inch 
bore, as in a ſyringe of one inch: for the areas of 
circles are always as the ſquares of their diameters. 
8. The preſſure of the atmoſphere being equal 
[to 15 pounds upon every ſquare inch, it will be 
equal to about 12 pounds upon every circular 
ach. So that if the bore of the ſyringe be round, 
ud one inch in diameter, the piſton will be preſt 
down into it by a force nearly equal to 12 pounds: 
but if the bore be 2 inches diameter, the piſton 
vil be preſt down with 4 times that forcte. 
And hence it is eaſy to find with what force the 
umoſphere preſſes upon any given number either of - 
quare or circular inches. 
Theſe being the principles upon which this en- 
gre is conſtructed, we ſhall next deſcribe the chief 
working parts of it: which are, 1. A boiler, 2. A 
linder and piſton. 3. A beam or lever. 
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Of Haraulic engines. 

U the cylinder be 42 inches in diameter, the 

vill be preſſed down with a force greater 
han 20000 pounds, and will conſequently lift up 
tat weight at the oppoſite end of the beam: and 
s the pump - rod with its plunger is fixed to that 
ad, if the bore where the plunger works were 10 
aches diameter, the water would be forced up | 
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teal of friction, and muſt work with a conſiderable 
relocity, and there is no ſuch ching as making a 


h 


nore than 8 pounds of preſſure muſt be allowed 
for, on every circular inch of the piſton in the cy- 
inder, that it may make about 16 ſtrokes i in a mi- 
ute, about 6 feet each. 


ach ſtroke 7 or 8 feet; which, in a pump of 9 


o water in an hour. 


dameter, will work a pump 10 inches diameter, 
ad 100 yards long: and hence we can find the dia- 


by any other cylinder. 


ule of this engine for raiſing water, we ſhall ſub- 
Jin part of a table calculated by Mr. Beig bon, 
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ſed in an, hour, from 48 to 440 hogſheads; at 
y given depth, from 1 5 to 100 o yards; the ma- 
chine 


= 


krough a pipe of 180 yards perpendicular height. 
But, as the parts of this engine have a good 


Where the boiler is very large, the piſton will 
make between 20 and 25 ſtrokes in a minute, and 


nches bore, will raiſe wpwarde of 300 hogſheads 


lt is found by experience that a enen 40 inches 


eter and length of a pump, that can be worked | 


| teving how any given quantity of water may be 
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perfect vacuum in the cylinder, it is found that no 


For the conveniency of choſe who would make 
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Of bydraulic engines. 
chine working at the rate of 16 ſtrokes pur wi, 
nute, and each ſtroke being 6 feet long. 


One example of the uſe of this table, will mike 


the whole plain. Suppoſe it were required to dia 
150 hogſheads per hour, at go yards depth; in the 
ſecond column from the right hand, I find the 


| neareſt number, viz. 149 hogſheads 40 gallons, 
- againſt which, on the right hand, I find the di 


meter of the bore of the pump muſt be ) inches; 


and in the ſame collateral line, under the given 


depth go, I find 27 inches, the diameter of the 
cylinder fit for that purpoſe. —And ſo for ay 
other. | | | 
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Plate XII. Water may be raiſed by means of 
The pinks Y by means of a ſtream 4p 


Wheel. 


it by ſtrong pins 5, B, 5, , &c. fixed in the fide of 
the rim: but the wheel muſt be made as high a 
the water is intended to be raiſed above the leyel of 


As the wheel turns, the buckets on the right hand 


| go up full on the left hand, until they come to the 
top at K; where they ſtrike againſt the end 1 of 


empty the water into the trough; from which it 


trough, it falls into a perpendicular poſition again, 


bottom of the bucket above the level of its mouth, 
and ſo. caufes it to empty all its water into the 


higher than its axis ; and then, inſtead of buckets 


of a bent form, and hollow within; theſe. hollom 
opening into the holes C, D, E, F, in the outſide of 
the wheel, and alſo into thoſe at O in the box V wid i 
upon the axis. So that, as the holes CD, &c. dp 


turning a wheel CD E, according to the order of 
the letters, with buckets a, a, a, a, &c. hung 


that part of the ſtream in which the wheel is placed 


go down into the water, and are thereby filled, and 
the fixed trough M, and are thereby overſet, and 


deſigned for: and as each bucket gets over the 


and goes down empty, until it comes to the water 
at A, where it is filled as before. On each bucket 
is a piece 7, which going over the top or crown 
of the bar m (fixed to the trough M) raiſes the 


WA 53 0 
Sometimes this wheel is made to raiſe water no 


hung upon it, its ſpokes c, d, e, f, g, b, are made 


into the water, it runs into them; and as the whe 
turns, the water riſes in the hollow ſpokes c, d, * 
p N | - al 


of Of the ſpecifi grovities of bodies. 

ad runs' out in a ſtream P from the holes at O, 
nd falls into the trough 9, from whence it is 
amehed by pipes. And this is a very eaſy way 
of niling water, the ne en nei · 
her men nor horſes to turn 6. | 


of which, we have the following account. 


Hiro, king of Syracuſe, having en a gold- 


nich to make a erown, and given him a maſs of 
pure gold for that purpoſe, ſuſpected that the work - 
um had kept back part of the gold for his own 


with copper. 


found it out at laſt by chance. For, going into a 
thing tub of water, and obſerving that he thereby 
niſed the water higher in the tub than it was be- 
fore, he concluded inſtantly that he had raiſed it 


jut as high as any thing elſe could have done, that 
1 exactly of his bulk: and conſidering that any 


ther body of equal weight, and of leſs bulk than 
linſelf, could not have raiſed the water fo high as 


there were any cheat in the crown. 
be of leſs bulk, according to its weight, than any 
* of pure gold, equally heavy with the crown 


\ 


The art of weighing different bodies i in vines; 'Of the ſpe- 
ul thereby finding their ſpecific gravities, or weights, f 1 


wk for bulk, was invented by nn 5 dies. 


iſe, and made up the weight by allaying the crown 
But the king not knowing how to 
fad out the truth of that matter, referred it to Ar- 
dimedes;, who having ſtudied a long time in vain, 


te did; he immediately told the king, that he had 
und a method by which he could diſcover whether 
For, ſince 
pld is the heavieſt of all known metals, it muſt 


ther metal. And therefore, he deſired that a a 


when 


* 


vi- 


Aatic 


lance 


when they were weighed in air. But upon mak 
the trial, he found that the maſs of gold weighed 
much heavier in water than the crown did. And 


the crown raiſed the water much higher than the 


lighter metal that increaſed its bulk. And ſo, by 


much matter in the ſame ſpace. 


The 8 


7 when weighed in air, ſhould be weighed il 1 


weights may be hung by horſe-hairs, or by fk 


- 
Of the fpetr 


in water; and if the crown was not Alayed, i 
would counterpoiſe the maſs of gold when the 
were both immerſed in water, as well as it di 


not only fo, but that, when the maſs and crom 
were. immerſed ſeparately in one veſſel of water, 


maſs did; which ſhewed it to be allayed with fome 


making trials with different metals, all equally 
heavy with the crown when weighed: in air, he 
found out the quantity of allay in the crown, 

The ſpecific gravities of bodies are as their 
weights, bulk for bulk; thus, a body is ſaid to 
have two or three times the ſpecific gravity of 
another, when it contains two or three times as 


A body immerſed in a fluid will fink to the bot- 
tom, if it be heavier than its bulk of the fluid. 
If it be ſuſpended therein, it will loſe as much of 
what it weighed in air, as its bulk of the fluid 
weighs. Hence, all bodies of equal bulk, which 
would fink in fluids, loſe equal weights when ſuſ- 
pended therein. And unequal bodies loſe in pro- 
„ OTS 
The hydroſtatic balance differs very little from: 
common balance that is nicely made: only it his 
a hook: at the bottom 'of each ſcale, on which ſmall 


_ 


A the Hechte gravitecaf bodies: 19 } 
dreads: So that a body, ſuſpended by the hair or | 
read, may be immerſed in water without vetting 
the ſcale from which it hangs. CNV 
bi the body thus ſuſpended: under the ſcale, at How ofind | 

ne end of the balance, be firſt counterpoiſed nl 
ar ir by weights in the oppoſite ſcale, and then im- any body. 
nerſed in water, the equilibrium will be imme- 
ately deſtroyed. Then, if as much weight. be 
put into the ſcale . from which the body hangs, as 
vill reſtore the equilibrium (without altering 4 
weights. in the oppoſite ſcale) that weight which 
cores the equilibrium, will be equal to the weight 
of 2 quantity of water as big as the immerſed 
body. And if the weight of the body in air be 
dirided by what it loſes in water, the quotient will 
hew how much that body is heavier than its bulk 
of water. Thus, if a guinea ſuſpended in air, 
ke counterbalanced by 129 grains in the oppoſite. 
ale of the balance; and then, upon its being im- 
merſed in water, it becomes ſo much lighter, as to 
Iequire 75 grains put into the ſcale over it, to re- 
ſore the equilibrium, it ſhews that a quantity of 
wur, of equal bulk with the guinea, weighs 7+. 
pans, or 7,25 ; by which divide 129, (the aerial 
eight of the guinea) and the quotient will be 
17-793 Ry ſhews. that the guinea is 17.793 
limes heavier than its bulk of water. And thus, 
i piece of gold may be tried, by weighing it firſt 
dar and then in water; and. if upon dividing the 

pit in air by the loſs in water, the quotient 
"nes out to be 17.793, the gold is good; if 
8 * be 18, or. between 18 and 19, the 

gold 
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If filver be tried in this manner, and foingy pott 


By this method, the ſpecific gravities of all bo. 


as an axis. Let the thread which hangs from the 


put as much weight in the oppoſite ſcale as will ru 


this weight in the ſcale will ſhew how much de 
body is lighter than its bulk of water. 


diamonds, &c. becauſe they cannot be ſuſpended 
A 0 


y * 
; / $ 
& 7 ' 


| Of the ſpecific gravities of baden 3; 
gold is very fine; but if it, be leſs than 19%, U thre 
gold is too much allayed, by being mixed vin . ocket, 
ſome other metal. 5 


be 11 times heavier than water, it is very fine; 
it be 10+ times heavier, it is ſtandard; but M of 
be of any leſs weight compared with water, it i 
mixed with ſome lighter metal, ſuch as tin, 


dies that will ſink in water, may be found. But 
as to thoſe which are lighter than water, as mo 
forts of wood are; the following method may be 
taken, to ſhew how much lighter they are thay 
their reſpective bulks of water. . wi 
Let an upright ſtud be fixed into a thick flat 
piece of brafs, and in this ſtud let a ſmall lever 
whoſe arms are equally long, turn upon a fine piy 
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ſcale of the balance be tied to one end of the lever 
and a thread from the body to be weighed, tied ty 
the other end. This done, put the brafs and le 
into a veſſel; then pour water into the veſſel, and 
the body will rife and float upon it, and draw dow 
the end of the balance from which it hangs : theny 


that end of the balance, fo as to pull the bod 
down into the water by means of the lever; and 


There are ſome things which cannot be weighedi 
this manner, ſuch as quickſilver, fragments d 


Py 
** 


1 7 grevitieesf dodies. 
Wm and muſt therefore be put into a glaſ , 
e hanging by a thread from the hook of one 
-ale, and counterpoiſed by weights put into the 
bolt scale. Thus, ſuppoſe you want..to.know 
r ſpecific gravity of quickſilver, with reſpect to 
| ar of water; let the empty bucket be firſt coun- 
erpoiſed in air, and then the quie i 
nd weighed. Write down the weight of the 
et, and alſo of the quickſilver; which done, 
the bucket, and let it be immerſed i in water 
pit hangs by the thread, and counterpoiſed therein 
by weights in the oppoſite ſcale : then, pour. the 
wicklilver into the bucket, in the water, which 
pill cauſe it to preponderate; 3 and, put as much 
right into the ſcale as will ;reſtore. the balance to 
j equipoiſe ; and this weight will be the weight 
Fa quantity of water equal in bulk to the quick- 
her. Laſtly, divide the weight of the quick- 
Int in air by the weight of its bulk of water, 


a dhe quotient will ſhew how much the quick- 
eher is heavier. than its bulk of water. 


bl 4. piece of .. braſs, glaſs, lead, or filver, be | 
mmerſed and ſuſpended in different ſorts of fluids, 
| different loſſes of weight therein will ſhew how 
eh it is heavier than its bulk of. the fluid; that 
ad being the lighteſt, in which the immerſed 
ach loſes leaſt: of its aerial weight. A ſolid bub- 
le of glaſs is generally uſed for- finding, the per 
the grayities of flaids. 
Hence we have an eaſy method of mud the 
Neiße gravities both of ſolids. and fluids, with 
3 ito their teſpe&tive bulks of common pump. 
| M Water, 


; 1 0 


* Table of the ſpecific | grav ities of fever b 
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|. Ver opel — 40 7 38301 5,80 

| [Standard gold — 19 6, 44/0 14,90] 18,88 
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— water, Which is generally made a ftandird for. 

paritlg all the others by. . 

In conſtructing tables of ſpecific gre 
beet ths 901 of 9 nt 
dy unity or 1.000, whete*t ers afe"ailde 
to give room for expreſſing the ratios of ocher gu 
viries, 4 in ee 1 


and fluid bodies. 
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Glaſs of antimony | 


Copper ore 
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20 penny weight make an Ounce, and 12 Ounces 


any given quantity of goods in troy weight & 


ſhall here annex two tables for converting il 


where accuracy is required in comparing the yeight 
with one another: and by trial J find, that 19 
troy ounces are preciſely equal to 192 averdupoi 
- ounces, and 175 troy. pounds are equal to 1, 
averdupoiſe. And although there are ſeveral elt 
integral numbers, which come very near to ag 
together, yet I have found none leſs than the abon 
to agree exactly. Indeed 41 troy ounces are! 
f nearly equal to 45 averdupoiſe ounces, that th 
latter contains only 75 grains more than the far 
mer: and 45 troy pounds weigh only 75 dunn 
more than 3 7 averdupoiſe. | 


of 11 per gravitits Wop bodies. 


them by 1000, and they will ſhew how Nano 


ounces averdupoile are contained | in a cubic foot of 
each body. 


In troy weight, 24 grains dle a pennjve 


4); 


; 
—Y 
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a pound. In averdupoiſe weight, 16 dram m 
an ounce, and 16 ounces a pound. The twy 
pound contains 5760 grains, and the averdupoiſ 
pound 7000 and hence, the averdupoiſe dim 
weighs 2.34375 grains, and the averdupoiſe ou ic 


437+ 5+ 
Becauſe it is often of uſe to know how muck 


th. 


make in averdupoiſe weight, and the EY 


weights into one another. Thoſe from page 14 
to page 149 are near enough for common hy 
draulic purpoſes; but the two following are bent 
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A Table for reducing troy weight into averdupoiſe weight. 
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The un following examples will be =. 3 
clan theſe t two, tables, and. ſhew their, agreement. FS of F 


1 1. In 6835 raged 6 adde 9 payne: 4 8 
bee, 250 Keen 


betet. 


+ Anbver. 1 as 10 11.88 1 
"a - 
. It. Is dere 10 ounces f amr 5 
* . 8 much troy ra 7 25 oor page . 


Ny Troy. r 
[ Ib. OB. pW. gr. | 
Ko ih 4 33, 


| oy » 


How to 
find out the 
quantity of 
adulterati- 
on in me- 


tals. 


the quotient will ſhew its ſpecific gravity, or hoy 


gold; the firſt remainder ſhews the bulk of gold, 


by the reſpective ſpecific gravities, the product 
will ſhew the. proportion of weights of each metal 


\ 


Then, ſubtract the ſpecific gravity of ſilver (found 
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D the ſpecific gravities of bodies," 
The uſe of the table of ſpecific gravities vil 
beſt appear by an example. Suppoſe a body t 
be compounded of gold and ſilver, and it is te. 
quired to find the quantity of each metal in th 
compound. | N 
Firſt find the ſpecific gravity of the compound, 
by weighing it in air and in water, and dividing 
irs aerial weight by what it loſes thereof in Water, 


many times it is heavier than its bulk of water 


in the table) from that of the compound, and the 
ſoecific gravity of the compound from that of 


and the latter the bulk of ſilver,” in the whole 
compound: and if theſe remainders be multiplied 


in the body. Example. {4 


; Suppoſe the ſpecific gravity. of the compounded 


body be 13; that of ſtandard ſilver (by the table) 


is 10.5, and that of gold 19.63 : therefore 10.5 
from 13, remains 2. 3, the proportional bulk of 
the gold; and 13 from 19.63, remains 6.63 


the proportional bulk of. filver in the compound, 
Then, the firſt remainder 2. g, multiplied by 19.63 


the ſpecific gravity of gold, produces 49.075 fot 
the proportional weight of gold; and the laſt r- 


mainder 6.63 multiplied by 1045, the ſpecific gre 


vity of  ilyer, produces 69.614 for the proportion 


weight of filyer in the-whole body. S0 that, fo 
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LR the ſpecif 
efery 49.07 ounces or pounds of gold, chere are 
69.6 pounds or ounces of ſilver in the bod. 

Hence it is eaſy to know whether any ſuſpected. 
netal be genuine, or allayed, or counterfeit ; by 
fading how much it is heavier than its bulk of 
mater, and comparing the ſame with the table: if 
they agree, the metal is good; 0: erg n it 
x allayed or counterfeited. II. 

A cubical inch of good brandy, rum or other kon to wy 
proof ſpirits, weighs 235.7 grains; therefore, — 
true inch cube of any metal weighs 23.7 grains 
les in ſpirirs than in air, it ſhews the ſpirits are 
proof, If it loſes leſs of its aerial weight in ſpi- 
rits, they are above proof; if it loſes more, they 
ae under. For, the better the ſpirits are, they 
xe the lighter, and the worſe, the heavier. All 
bodies expand with heat and contract with cold, 
but ſome more and ſome leſs than others. And 
therefore the ſpecific: gravities of bodies are not 
| preciſely-the ſame in ſummer as in winter. It has 

been found, that a cubic inch of good brandy is 
| 10 grains heavier in winter than in ſummer; as 
much ſpirit of nitre, 20 grains; vinegar 6 grains, 
nd ſpring water 3. Hence it is moſt profitable 
to'buy ſpirits in winter, and ſell them in — 
ſince they are always bought and ſold by meaſure. 
| It has been found, that 32 —.— of nne in win- 
ter mill make 33 in ſummer. 

The expanſion of all fluids is e £0 The d- 
be degree of heat; that is, with a double or tri- ner. 
N fluid 1 R tuo or three Ane. ; 


Upon 
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Upon theſe principles depends the conſtruticn, 


of the thermometer; im which the globe or 
and part of the tube, are filled? with: a fluid, which 


when: joined: ro the harometer, is ſpirits of wine | 


tinged, that it may be the: more: eaſily ſeen in the 


rube. But when thermometers are made by they. 
ſelves, quickfilver is generally uſad. 


„ 


In the thermometer, a, ſcale is always gd ty 


the tube to ſew the expanſion of the quiekſlyer, 


- and, conſequently the degree of heat. And, W 


the number y: then divide the ſpace between 


Farenheit's ſcale: is moſt in eſteem at preſent, I ſhall 
explain the conſtruction and graduation of themo- 
meters according to that ſcalc . 


in water juſt freezing, or ſnow juſt thawing ; and 
even with that part in the ſcale where the flyid then 
ſtands in the tube, place the number 32, to de- 


note the freezing point: then put the bulb under 


your arm- pit, when your body is of a moderate 
degree of hear, ſo that it may acquire the ſame 


has riſen as far as it can by that heat, there place 


theſe numbers into 65 equal parts, and continue 


thoſe diviſions both above 97 and below 32, and 


number them accordingly... 
This may be done in any part af the world : for 
it is found that the freezing point is always the Jawe 
in all places, and the hrat of the human body 


differs but very little: ſo that the thermameun 


made in this manner will perfectly agree with one 


another 


bab. 
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degree of heat with your ſkin ; and when the fluid | 
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irs zuck cke HEAR" of ſeverif bodies will be 
denn by them, and e ee 
$f als; ers: 
"Air; in fevers ccd #eathes; " b Gitte | 


milf mir; from? 65 to 68: Extreme kear of 
he Eier ſit; from 86" 88 16%. Butter Jul 
ng 95, Alevhot- bolls wit #74 ot 153. 
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15 5 Ti mitts With" 408, and lead wick 


Milk N n 30, Wege Wy 6 ad 


2 15 


55 2 

x body tears Kighter Mar 4 fit in tum 
holt its fur fact, in vp 4 Hkbel6r, chat 4 quan- 
ty of che ule Sal in Bulk with the immerſed 
kan of the Body; Will be as henry as the whole 
body. © Hetite,” the lighter a fluid is, tlie deeper 4 
body will fink in it; upon which depends the con- 
fruftion of the bydrometer or ae 


Wr — toe: bp 62.5, . e 40 Pounds 
in obe foot bf freſt water; er by 83, the hutmber 
if pohnds in a Foot of fait Wäter; the produit 
wil be the weight of the ſhip and all that is in it. 


the water; it tfruſt cc 
w as moch Stet as N eil to it in wagRr ! 
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to 13" to 23. Aft irt winter; from 26 te 44. 
& in ſpring and auto mn; from fz to g. Kit at 


Frikdy wick 590. Water 242: O of 'thipien- 


tee the er indir walt Do etal n 
dal 


Fry Alice it is the Weight of the ſhip that Uiſplices | 
fink until it hüs er. 


880 


The pro- 
perties of 
air. 


f . 


of the gail gravities of bodies, | 


bulk to ſuch a portion of the water: as is equal to 
the weight of the whole ſhip. | 

To prove this by experiment, let a bali of Give 
light wood, ſuch as fir or peartree,, be put into 
water contained i in a glaſs veſſel; and let the veſſe 
be put into a ſcale at one end of a, balance, and 


5 „ by weights in the oppoſite ſeale: 


then, marking the height of the water in the veſſel, 
take out the hall; and fill up the: veſſel with water 
to the ſame height that it ſtood at when the ball wa 
in it; and the ſame weight will re it as, 
before. 8 
From the veſlel's 8 filled up to the ſame 
height at which the water ſtood when the ball vas 
in it, it is evident that the quantity poured. in is 
equal in magnitude to the immerſed part of the 
ball; and from the ſame weight counterpoiling, it 


is plain that the water e 12. is wn. in We 


to dhe whole ball. | 
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1 18 ſcience ct of the nature, weight, and 

. preſſure of the air, and the effects ariſing 
from 8 

The air is chat chin tranſoarent fluid body. in 

which. we live and breathe. It encompaſſes, the 

whole earth to a conſiderable height; and, toge- 


ther with the clouds and vapours that float i in it, 
is 


al 


* S 8 8 


j called the TO fog The air is juſtly ellen 
among the number of fluids, becauſe it has all the 


rties by Which a fluid is diſtinguiſhed. For. 


Feds to the leaft force' impreſſed, its parts are 


ealily moved among one another, it preſſes accord- 


ing to its . e and its Prey "= 
every way equal. 


That the air is a fluid; bonſiſting of wen row 
ticles as have no coheſion betwixt them, but eaſily 
gide over one another, and yield to the ſlighteſt 


impteſſion, appears from that eaſe and freedom 
vith which animals breathe in it, and move through 


97 


it without any difficulty or ſenſible reſiſtance.” / 
But it differs from all other fluids in the three 
following particulars. 1. It can be compreſſed into 


a leſs ſpace than what it naturally poſſeſſeth, which 


no other fluid can. a. It cannot be congealed or 


fixed, as other fluids may. 3. It is of a different 


denſity in every part, upward from the earth's ſur- 
face, decreaſing i in its weight, bulk for bulk, che 


Pa 


higher it riſes ; and therefore muſt alſo decreaſe in 


denſity. 4. It is of an elaſtic or ſpringy nature, 
and the force of its ſpring i is equal to its weight. 
That air is a body, is evident from its excludi 


al other bodies out of the ſpace it poſſeſſes: for, 


if a glaſs jar be plunged with its mouth downward 


into a veſſel of water, there will but very little wa- 


ter get into the jar, becauſe the air of . iti is 
full keeps the water out. ls - 


As air is a body, it muſt needs have gtevity or 


weight: and that it is weighty, is demonſtrated 


experiment. For, let the air be taken out of 


A veſſel 


Weisbedithe veſſel, ler in iche airiagain, and 
weighing it chen ge- filled vibes lh. be — 


ttimes Heaxier han -air near che Qurixee af the 
ü. 


chulk. For ſince it is of an. elaſtic or ſpringy m. 


_ :rarity. of the air will be n PROPErrnh. 


77 ming 
a neſ6l by means of the air um. then, 


wh 


«bd 


.eonſdenbly heavier. Theos, a boule that haſds z 
wige:quart, being emptied of air and -weighed, i 
found tobe about 1h Steins lighter:$hon-whenghe r 
is let into it again; which ſhews that a quatt of ar 
weighs 27 grains. But ,a,quart of wajer Fegh 
14625 rains, this divided hy i quotes $60 in 
;round numbers; which ſhews, that - water, is $60 


As the air 8 above the wart ſurface it 
grows -yarer, and gonſequently lighter, bulk for 


ire, and its lewermoſt parts are prefled with the 
weight ef all | that is above them, it is plain that 
nde ain muſt be more denſe or compact at the earth's 
ſurface, than at any height above it; and gradu- 
Ally rarer the higber up. For, the denſity of the 
;Rir: will always be as che force that compreſſes i It: 
and -therefare, the air towards the upper part of 
the atmoſphere being lefs preſſed than that which 
is near the earth, it will expand itſelf, and thereby | 
become thinner than at the ſurface of the earth. 
Dr. Cotes has demonſtrated, that if altitudez 

n · the air be taken in arithmetical proportion, the 
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All Boner eeiso Wieden, that a cubic 
deb of ſuch uairias we breathe, would-be ſo much 
melledut the altitude of goo miles, that it would ili | 
#ſphere: equal in Jiameter-to:the:orbit:of Saturn. 1 

The weight or: preſſure of the air I 
mined by:the followi & un 
Take ia / glaſs tube about — Jong, cmd The 
open at one end z; fill it i with: quickſilver, and put- permet. 9 
ung your finger upon the open end, turn. that end 
donn ward, iand immerſe eit: into ia ſmall. veſſel of 
quick ſiver, without letting in cany<air : then take 


away 
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| by mean gravity: a preſſure which would be inſuppott 


2 part, and counterbalanced by the ſpring of the ar 


6 


away your finger, and-  the-quickfiter will n en 
ſuſpended in the tube 29. inches above its ſurface 
in the veſſel; ſometimes more, and at other times 
| leſs as the weight of the air is varied: by winds 
and other cauſes. That the quickflver! is kept up 
in the tube by the preſſure of the atmoſphere upon 
that in the baſon, is evident; for, if the baſon * 
tube be put under a glaſs, and the air taken out of 
the glaſs; all the quickſilver in the tube falls down 
into the baſon; and when the air is-let in again, 
the quickſilver riſes to the ſame height as before. 
Therefore the air's preſſure: on the ſurface of the 
earth, is equal to the weight of 291 inches depth 
a" ee all over n earth's -ſurface at 2 
mean rate "Gf, , dug 
A ſquare au of -quidkbleer; 297 . 
high, and one inch thick, weighs juſt- 15 pounds, 
which is equal to the preſſure of air upon every 
ſquare inch of the earth's ſurface; and 144 times 
as much, or 2160 pounds, upon every ſquare foot; | 
becauſe a ſquare foot contains 144 ſquare inches. 
At this rate, a middle ſiz d man, whoſe ſurface 
may be about 14 ſquare: feet; ſuſtains a preſſure uf 
30240 pounds, or 13+ tons, when the ait is of a 


able; and even fatal to us; were it not equal on ever 


us, which is diffuſed through the whole body; 

and Pecs with an equal Rv — 1 an 

preſſure. 4: bay M h Ry rant 
Now, ſince the earth's ſu ar b ( * 


numbers); ; 200, O00, 00 * miles, and _ 
Sos, : _=__ 


* 8 


2 
E 
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ſquare wile 2 78 78400 ſquare- feet, there muſt be * 


;575680000000000 {quare feet on the earth's fur- 
ce; which multiplied by 2 160 pounds (the preſſure 
each ſquare foot) gives 1204.3468800000000000 


pounds for the preſſure or weight of the whole at- 


molphere.' * $i p * . 5 1 1 ] 2 
When the air 18 taken out of a pipe, and the 


nd of the pipe immerſed in water, the water will 
riſe in it to the height of 83 feet above the ſurface 
of the water in which it is immerſed ; but will go 
u ligher: for it is found, that a common pump 
will draw water no higher than 33 feet above the 

ſurface of the well: and unleſs the bucket goes 
vichin that diſtance from the well, the water will 
tever get above it. Now, as it is the preſſure of 
the atmoſphere, on the ſurface of the water in the 
well, that cauſes the water to aſcend in the pump, 
ud follow the piſton. or bucket, as all the air above 
tis lifted up; it is evident, that a column of wa- 
ter 33 feet high, is equal in weight to a column 
of quickſilver of the ſame diameter, 294 inches 
lan; and to as thick a column of air, reaching 
— the earth's ſurface to the top of the atmo- 


but in tempeſtuous ſtormy weather, not above 28 
nches. The quickſilver, thus ſupported in a glaſs 
tube, is found to be a nice counterbalance to the 
weight or preſſure of the air, and to ſhew its alte- 
ons at different times. And being now. gene- 
hy uſed to denote the changes in the weight of 
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In ſerene calm weather, the air has weight enough The Lare- 
v ſupport a column of quickſilver 31 inches highgßʒ 
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ene air, and of the t upon 
it is called the barometer; or weather glas. 
The preſſure of the air being equal on all fd 
of à body expoſed to it, the ſofteſt bodies ſuſtain 
this preſſure without ſuffering any change in their 
figure; and ſo __ the and ——— DUMP without 

| being bro 
The air is ay ps de Keel ith ler 
and of this: property, wind is a necellaryconk. 
The cauſe quence. - For, when any part of the air is heated | 
{OS the ſun, — it will ſwell, and thereby 


— 


_ Wit'the adjacent air: and ſo, by: various degrees 
of heat in x-Gifferent TOR there wilt * various 
wings. . 
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- Whkida: * air is much . it will and 
towards the upper part of the atmoſphere, and the 
adjacent air will ruſh in to ſupply its place; and 

therefore, there will. be a ſtream or current of air 

from all parts towards the place where the heat is. 

And hence, we ſee the reaſon why the air ruſhes 

with ſuch force into a glaſs houſe ; or. towards any 

place where a great fire is made. And alſo, why 

ſmoke is carried up a chimney, and why the ar 

ruſhes in at the key-hole of the door, or any ſmal 

chink, when there is a fire in the room. 80 we 

may take it in general, that the air will preſs to- 

wards that part of the world ae it 3 1 
heated. 

The rad. Upon this Wen we can ealily 2 for 
uit. the trade-winds, which blow conſtantly from call 

| . to. welt about the equatar. For, when the ſun 


re perpendicularly on _ part of the earth, it 
wi 
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| gill heat the air — part, which 
ic will therefore riſe upward, and when the fan 
withdraws, de, adjacenit"6ir wit ruſh in Ml irs 
pace and-conlequently cauſo a ſtream. or current 
of air from all youu towards: that which is : moſt 
heated-by the But, as the ſun, with reſpect 


vie earth, moves from eaſt to weſt, the common . 


courſe of the air will be that way too; continually 
preſſing after the fan-: and therefore, a theieques = 
tor, where the ſun-ſhines ſtrongly, there will be a 
cnticual eaſterly wind; hut, on the north- ſide, * 
vil incline a. little to the north, and on the fourks 


La oe ee e e ch n, va. 


This general courſe of the wind about the equas - 
wr is changed 1 in ſeveral places, and upon ſeveral 
xcoutits; a8, l. Dy exhalations that riſe out of the 
arth at certain times, and from certain places; in 
anhquakes, and from volcano's. 2. By the fall- 
ing of great quantities of rain, cauſing thereby a 
þ By burning ſands,” that often retain the ſolar heat 
vr degree incredible; to thoſe who have” not felt it, 
aufg + more than ordinary rarefaction of the air 
antiguous' to them. 4. By high mountains, that 
dey the direction of the winds in ſtriking againſt 
nem! 5. By che deelination of the ſun towards 
the north or ſouth, aan on the norch or 
buch fide of the equator. 


Jo theſe and ſuch like cauſes is owing, 1: The Th mane. 
imgylarity and | uncertainty of winds in climates/*” 


ſtant from the equator, a& in moſt parts of Eu- 


* 2. Thoſe periodical winds called :wonſoons, 


N23 Which 


FEE 


O pneumaticy, 


which in the Indian ſeas blow half a year one 


and the other half another. 3. Thoſe winds which 


on the coaſt of / Guinea, and on the weſtern: coaſts 


of America, blow always from weſt to eaſt, . 4,71, 


ſea - breezes, which, in hot countries, blow general 


from ſea to land, in the day- time; and the land. 
breeze, which blows in the night; and, in ſhort, all 
thoſe ſtorms, hurricanes, whirlwinds, and irregy- 
larities, which happen at different times and place, 

All common air is impregnated with a viviſin 


ſpirit, which is neceſſary to continue the lives af 


animals: and this, in a gallon of air, is ſufficient 


for one man during the ſpace of a minute, and 
not much longer. 173 


This ſpirit in air is deſtroyed by paſſing chroug 
the lungs of animals: and hence it is, that an ani- 


mal dies ſoon, after being put under a veſſel which 
admits no freſh air to come to it. This ſpirit is alo 


infuſed into water; for fiſh die when they are ex- 
cluded from freſh air, as in a pond that is cloſely 


frozen over. And the little eggs of inſects, ſtop 


ped up in a glaſs,” do not produce their young, 
though aſliſted by a kindly warmth. The feeds 
alſo of plants mixed with good earth, and incloſed 
in a glaſs, will not grow. So that freſh air is abſe- 
lutely neceſſary, both for the production and cot- 
tinuation of the lives of animals and plants. 
This enlivening quality in air is alſo deſtroyed by 


the air's paſſing through fire; particularly charcoal 


fire, or the flame of ſulphur, Hence, ſmoaking 
chimneys muſt be-very unwholſome, eſpecially if 
the rooms they are in be ſmall and cloſe. - % 
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Air 100 vitiared, by remaining 0 pent / up 
n 20 place for a conſiderable time z or perhaps, 
yy being mixed with malignant teams and. Fam, 
ds flowing from the neighbouring bodies 

10 Ally, by the corruption of the vivifoing, ſpicitz 
4 in the holds of ſhips, in oil-ciſterns, or wine 


lars which have been ſhut up for a conſiderable 


ine. The air in any of them is ſometimes. ſo 


nuch vitiated, as to be immediate den n ani- 


nal that comes into it. 


1 | 

„ 
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Air that has loſt its vivilying ſpirit is s called 2 


uus, not only becauſe it is filled with humid or 


moiſt vapours, but becauſe it deadens fire, extin- 
giſhes flame, and deſtroys life. The dreadful 


effects of damps are en known. to inch, a: as 
work" in mines. 

If part of the 9 Gen of 3 air in any coun⸗ 
iy begins to putrefy, the inhabitants of that coun- 
m vill be ſubject to an epidemical diſeaſe, which 


ul continue until the putrefaction is over. And 
n the putrefying ſpirit; occaſions the diſeaſe, ſo if 


tle diſeaſed body contributes towards the putrefying 
of the. air, $7 a the diſeaſe. will not only be epi- 
dmical,' but peſtilential and contagious. 


The atmoſphere is the common receptacle of all 


tle efluvia or vapours ariſing from different bo- 
des; of the ſteams and ſmoke of things burnt or 
neſted; the fogs or vapaurs proceeding from damp 
"atery places; and of the effluvia from ſulphureous, 
nitrous, acid and alkaline bodies. In ſhort, what- 


der may be called volatile, riſes in the air to greater 


er leſs heights, according to its ſpecific gravity. 


N 3 When | 


Fermenia - 
tion. 


- which, a ſudden ferment, with a fine flame, vll 


cannot be at a loſs to account for the dreadful ei. 


| ferent from thar of other Bes; for it has ben 


5 | r 5 6 
When the EY which ariſe, from acid nd 
alkaline badi, meet each other in the Air, then 
will de a ſtrong conflict or fermentation beinen 
them; which will ſometimes be ſo great, As to pro- 
duce A fire: then, if the effluvia be combuſtible 
che fire will run from one part to another, juſt u 
905 inflammable matter happens to lie. 
Any one may be convinced of this, by ug 
an acid and. an alkaline fluid together, as the fo 
of nitre and oil of cloves; upon the doing of 


ariſe; and if the ingredients be very pure wi 
ſtrong, there will be a ſudden exploſion. 
Whoever conſiders the effects of fermentation, 


fects of thunder and ligbining: for the effluvi of 
ſalphureous and nitrous bodies, and others that ma 
riſe. into the atmoſphere, will ferment with each 
other, and take fire very often of rhemſers; 
ſometimes by the aſſiſtance of the ſun's heat. 

If the inflammable matter be thin and light, i 
will riſe to che upper part of the atmoſphere, when 
it will flaſh without doing any harm: but if it b. 
denſe, it will lie nearer the ſurface of the tai, 
where taking fire, it will explode with a ſurpriſing 
force; and by its heat rarefy and drive away tt 
air, kill men and cattle, ſplit trees, walls, rocks 
Ec. and be accompanied with terrible clap d 
hunde... 

The heat of lightning appirs 1 to be quite di 


known to run through wood, leather, cloth, Ge 
without 


„out hurting them. hls: it has broken and , 
peted iron, ſteel, filver, gold, and other hard 

bodies. - Thys. it has melted or burnt aſunder 1 

ſword without hurting che ſcabhard, and money ig 


ats pocket without hurting his elogths:_che 
* reaſon of this ſeems to be, that the particles of the 
e zr ar ſo ne, as to paſs through ſoft loole bodies 
| About diſſolving them; whilſt they 1 their 
u. whole force upon the hard one z. 

* It is remarkable, that knives and faite hich 


have been ſtruck with lightning have a very ſtrong 
mapnetical virtue for ſeveral years after; and T- 
have heard that lightning ſtriking upon. the mari- 
nger's compaſs will ſometimes turn it round; and 
often make it ſtand the contrary way ; 'or with the 
porth pole towards the ſouth. g 

Much of the ſame kind with linkeing: are thoſe Fre damp. 
exploſions called Fulminating or | fire damps, which 
ſometimes happen in mines; and are occaſioned by 
ſuphureous and nitrous, or rather oleaginous' par- 
| ticles, rifing from the mine and mixing with the 
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oy | ir, where they will take fire by the lights which 
b te workmen are obliged to make uſe of, The fire 
wy being kindled, will run from one part of the mine 
mM L another, like a train of gunpowder, as the 
d unbuſtible happens to lie. And as the 
FR eaſtcity of the air is increaſed by heat, chat in the 
me will conſequently ſwell' very much, and fs. vr vis 


for want of room, will explode with a greater or + 
leſs degree of force, according to the denſity of 
the combuſtible'yapours; It is ſometimes ſo ſtrongg, 
e the mine ad at prher cimes Þ 7 
3 4 * 8 weak, 


\ 


184 | of Pneumatics. . 

+ © weak; that when it has taken fire at the flame of 
A candle, it is eaſily blown out. 

Air that will take fire at the flame of 2 candle 
may be produced thus. Having exhauſted a re- 
ceiver of the air-pump, let the air run into i 
through the flame of the oil of turpentine ; then 
'remove the cover of the receiver, and holding 1 
candle to that air, it will take fire, and bum 
quicker or flower, e to the denſity of the 
oleaginous vapour. 
Farth- When ſuch combuſtible matter, as is aboye men. 
__ tioned, kindles in the bowels of the earth, wher 

there is little or no vent, it produces earthquakes, 
and violent ſtorms or hurricanes of wind, when it 
breaks forth into the air. 

An artificial earthquake may be made tha, 
Take 10 or 15 pounds of ſulphur, and as much 

of the filings of iron, and knead them with com- 
mon water into the conſiſtence of a paſte: this be- 
ing buried in the ground, will, in 8 or 10 hour 
time, burſt out in flames, and cauſe the earth ta 
tremble all around to a conſiderable diſtance. 
From this experiment we have a very natural ac- 
count of the fire of mount tna, Veſuvius, and 
other volcano's, they being probably ſet on fire at 
firſt by the mixture of ſuch metaline and ſulphute- 
ous particles, 
Plate XIV. The air-pump being in effect the ſame as th 
Fig. . 'water-pump, whoever underſtands the one, will be 
at no loſs to underſtand the other. 
The air- Having put a wet leather on the plate LL of 
fg. the air-pump, place the glaſs receiver M * Bp 
NE „ ether, 
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Of the air. pump. 3 
's * ſo that the hole i in the plate may be 
thin the glaſs. Then, turning the handle F. 


wolphere. For, as the handle (Fig. 2. is turned 
he piſton! is leathered ſo tight, as to fit the barrel 
i liſted up towards B, and: a vacuum made in the 


trough the hole i, in the braſs plate LL, along the 
pipe GG (which communicates with both barrels 


the barrel BK. For, wherever the reſiſtance or 
preſſure is taken off, the air will run to that place, 


barre]; and, as the air which had got into the 


2 vacuum is again made, in the ſame manner as be- 
bore, between þ and e; upon which, more of the 
ar which was left in the receiver M gets out thence 


the 


ackward and forward, the air will be pumped. out 
if the receivet z which will then be held down to 
the plate by the preſſure of the external air, or at- 


backwards, it riſes, the piſton de in the barrel B K,. 
by means of the wheel F and rack Dd::and as 


exattly, no air can get between the piſton and bar- | 
rel; and therefore, all the air above d in the barrel | 


barrel from e to 5: upon which, part of the air 
in the receiver M (Fig.. 1.), by its ſpring, , ruſhes 


by the hollow trunk IHK, Fig. 2.),. and puſhing 
up the valve 6, enters into the vacant place be of 


it it can find a paſſage.——Then, as the handle F : 
s turned forward, the piſton 4e is depreſſed in the 


barrel cannot be puſhed back through the valve b, 
it aſcends through a hole in the piſton; and eſcapes 
trough a valve at'd ; and is hindered by that valve 

from returning into the barrel, when the piſton is 2 
gan raiſed. At the next raiſing of the piſton, 


1 its ring, and runs into the barrel BK, through - 
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e a, ug 
the valve 6. The ſame thing is to be underſtocd 
ternately raiſes and depreſſts the piſtons: in they 
barrels; always raiſing one -whilſt it depreſſes the 
other. And, as there is a vacuum made in each 
barrel when its piſton is raiſed, every particle of 
air in the receiver M puſhes out another, by its 
ſpring or <laſticity, through the hole i and pipe GG | 
into the barrels; until at laſt the air in the receiver 
comes to be ſo much dilated, and its ſpring fo far 
weakened, that it can no longer get through the 
valves; and then, no more can be taken out. 
Hence, there is no ſuch thing as making a perfect 
vacuum in the receiver; for the quantity of air 
taken out at any one ſtroke, will always be as the 
denſity thereof in the receiver: and therefore it is | 
impoſſible to take it all out, becauſe, ſuppoſing the 
receiver and barrels of equal capacity, there wil 
be always as much left as was taken out at the laſt | 
um nnn / % ͤ bh hh 
There is a cock & below the pump plate, which 
being turned, lets the air into the receiyer again; 
and then it becomes looſe, and may be taken off 
the plate. The barrels are fixed into the frame 2e 
by two ſcrew- nuts ff, which preſs down the top- | 
piece E upon the barrels: and the hollow trunk ii 
(win Fig. 2.) is covered by a box, as GH in Fig. 1. 
| There is a glaſs tube /mn open at both ends, 
and about 34 inches long; the upper end commu- 
\ vicating with che hole in the pump pla and t 
lower end immerſed in quickſilver at #. 7 Fr 


— 


| en 

wi V. . tube is -fitted Aa woodewtuler 

on, called the gage; which is divided into inches 

ad parts of an inch, from the bottom at # (where 

+ is eren with the ſurface of the quickſil ver) and 

eee ebay erage} haha 5 
inches. wo | 

e ontiof the tecebvir AG is 

« likewiſe pumped out of the glaſs tube I bes 
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:G ne that tube opens into the receiver through the : 
er 8 and as the tube is gradually emptiod 
far of air, the quickſilver 1 in the veſſel M is forced up 
he i ino the tube by the preſſure of the armoſphere: 
ut. Aud if the receiver could be perfectly exhauſted of 
act ir, the quickfilver would ſtand as high in the tube, 
Ur 4 it does at that time in the barometer : for it is 
the WY fipported by the dame power ormeight of the r. 
15 WF noſphere in both; : 
the 'The quantity of tir elta out of hs; re- 
vill WY derer on each turn of the handle, is always pro- 
alt We portionable to the' aſcent of- the quickſilver on that 
4; um: and the quantity of air remaining in the 
ich ver, is proportionable to the defect of the height 
a n enen 
of i dar time in the barometer. + 
ay Thhall now give an account of Ae 
made wich the air-pump, in my lectures; nn 
* NE IG . ane ok He” 

ds, 

"_ ay Ts ew the. refiflance of the air. 3 
a 1. There is 2 little machine, confiſting of two Fig. 3. 


nll, a and b, which are of equal weights, inde- 
pendent 


; 07 the air. fun. 115 

pendent of each other, and turn equally free on 
their axes in the frame. Each mill has four thin 
arms or ſails, fixed into the axis: thoſe of the mil 
4 have their planes at right angles to its axis, and 

thoſe of 5 have their planes parallel to it. There- 
fore, as the mill à turns round in common air, it 
is but little refiſted thereby, becauſe its ſails cut 
the air with their thin edges: but the mill þ is 
much reſiſted, becauſe the broad ſides of its fails 
move againſt the air when it turns round. In each 
axle is a pin near the middle of the frame, which 
goes quite through the axle, and ſtands out a little 
on each ſide of it: upon theſe pins, the ſlider 4 
may be made to bear, and ſo hinder the mills from 
going, when the ſtrong ſpring c is ſet on bend 
againſt the oppoſite. ends of the pins. p 

Having ſet this machine upon the pump- .plat | 

LL (Fig. 1.) draw up the ſlider d to the pins on ir out 
one ſide, and ſet the ſpring c at bend upon the op- WIN / a litt 
poſite ends of the pins: then puſh down the flider 8 will of 
d, and the ſpring acting equally. ſtrong on each n at | 
mill, will ſet them both a going with equal forces WH equal \ 
and velocities : but the mill a will run much longer upon t 
t'ꝛan the mill þ, becauſe the air makes much leſs re- this ex 
ſiſtance againſt the edges of its fails, than _ a the 
the ſides of the fails of 5. order 

| Draw up the ſlider again, and ſer the ſpring upon Plate: 
the pins as before; then cover the machine with I their 
the receiver M upon the pump- plate, and having bulde: 
exhauſted the receiver of air, puſh down, the vir 
PP (through the collar of leathers in the neck «) 


upon, the ſlider ; ; which will diſengage it from the 
3 


. | | i 


| of the ai r-pump. 


ine. and allow the mills to turn round by the im- 


on Wl pulſe of the ſpring : and as there is no air in the 
hin BW receiver to make any ſenſible reſiſtance againſt them, 
il they will both move a conſiderable time longer 
nd WY than they did in the open air; and the moment 


re- dat one ſtops, the other will do ſo too. — This 

it ders that air reſiſts bodies in motion, and that 

cut qual bodies may meet with different degrees of 5 
is WY refſtance, according as they preſent greater or leſs 

uls ſurfaces to the air, in the planes of their motions. 

ch 2. Take off the receiver M, and the mills; and 

ich WW having put the guinea 4 and feather þ upon the Fig. * 


braſs flap c, turn up the flap, and ſhut it into the 
noich 4. Then, putting a wet leather over the 


2m vp of the tall receiver AB (it being open both at 
nd vp and bottom) cover it with the plate C, from 


vhich the guinea-and-feather tongs ed will then 


on ii out of the receiver; and then draw up the wire 
p. WY / + little, which by a ſquare piece on its lower end 
der I vill open the tongs ed; and the flap falling down, 
ch s at c, the guinea and feather will deſcend with 
ces qual velocities in the receiver; and both will fall 
Jer upon the pump-plate at the ſame inſtant. N. B. In 
e · 


tlis experiment, the obſervers ought not to look 
a the top, but at the bottom of the receiver; in 
der to ſee the guinea and feather fall upon the 


oy oye; they will eſcape the ſight of the be- 


hang within the receiver. This done, pump the 


Plate: otherwiſe, on account of the quickneſs; of 
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ſtore the equilibrium; and they will ſhew exad 


Ik To ſpew the weir bt of the air. 1 


1. Having fitted a braſs cap, with a valve tied 
over it, to the mouth of a thin bottle; or Flor 
flaſk, whoſe contents is exactly non, ſcrew the 
neck of this cap into the hole i of the pump- plate: 
then, having exhauſted: the air out of the flaſk, 

and taken it off from the pump, let it be ſuſ. 
pended at one end of a balance, and nicely coun- 
terpoiſed by weights in the ſcale at the other end: 
this done, raiſe up the valve with a pin, and the 
air will rufh into the flaſk with an audible noiſe; 
during which time, theflaſk-will deſcend, and pull 
down that end of the beam. When the noiſe is 
over, put as many grains into the ſcale as will re- 


the weight of- the quantity of air which has got 
into the flaſk, and filled it. If the flaſk holds an 

exact quart, it will be found, that 17 grains will 
| reſtore the equipoiſe of the balance, when the 
quickfilver ftands at 294 inches in the barometer: 
which ſhews, thatwhen the air is at a mean rate of 
denſity, a quart of it weighs 17 grains: it weigh 
more when the quickſilver ſtands higher; and ks) 
when it -flandy lower. 

2. Place the ſme?l receiver O (Fig. 1.) over the 
hole i in the pump-plate, - and upon exhavſling 
the air, the receiver will be fixed down to the plate 
by the preſſure of the air on its outſide, which ü 
| left to act alone, without any air in the receiver to 
at againſt it: and this preſſure will be equal wi 4 


| Of the ar- ee 
nun times 15 pounds, as there are ſquare inches 
i that part of the plate which the receiver covers 
nuch will hold down the receiver ſo faſt, that it 
not be got off, until the air be let into in 
ming the cock &; and then it becomes looſe. 

. Set the little glaſs AB (Which is open ar both Fig $. 
. upon the pump- plate LE, | 
ad cap your hand «cloſe upon. the top of it at B. 
hen, upon exhauſting the air out of the glaſs, you 
ill find your hand preſſed down with a great 

joht upon it;; ſo that you can hardly releaſe it; 
nil the air be re- admitted into the glaſs by turns, 
prard againſt the hand as the external air acted in 
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» is WAY prefling it downward, will releaſe the hand from | 
re- s confinement. | 

„ Having. ted a pier of vet bladder þ over Fg. 6. 
got de open top of the glaſs A (which is alſo open at 
om) ſet it to dry, and then the bladder will 
vill u tight as a drum. Then place the open end A4 
che wen the pump- over the hole i, and begin 
r: © exhauſt the air out of the glaſs. As the air is 
of fiſting, its ſpring in the glaſs will be weakened; 
phs nd ye wray to the preſſure of the outward air on 
cs Le bladder, which, as it is preſſed down, will put 


u 2 ſpherical concave figure, which will grow 


the beper and deeper, until the ſtrength of the bladder 
ng r overcome by the weight of the air; and then 
ate 


Lvill break with. a pol as loud as that of a gun. 
»If a flat piece of glaſs be laid upon the open 
- pan this + 1a and joined to it by a flat ring 
vet * between them; upon pumping che 


air 


* — : 
2 2 
, 1 9 * 


upon the pump: plate, and cover it and the hole! 
Vaoͤith the cloſe receiver 4; and then begin to puny 
out the air. As the air goes out of the receiver by 
mts ſpring, it will alſo by the ſame means go out of 


reſt of the air in the receiver, through the air-pipe 
| GGand valves à and b, into the open air. When it 


exhauſted; and then, upon turning the cock i, 
the air will get into the receiver, and preſs ſa upon 
the ſurface of the water in the phial, as to forcethe 


panded itſelf ſo as to fill the whole ball, is now 
cCondenſed into the ſame ſtate as the outward air, 


. © 6. Pour ſome quickſilver into the jar D and ſet 


and hole; and cover the receiver with the bras 
plate C. Screw the open glaſs tube f g (which has 


air out of the receiver, the preſſure of theroutyar 


.'  '5.* Immerſe the neck cd of the hollow glak bel 


Of the air-pump." 
air upon the flat glaſs will break it all to pieces 


e b in water, contained in the phial 24 then ſet it 


the hollow ball eh, through the neck de, and tit 
up in bubbles to the ſurface of the water in the 
phial; from hence it will make its way, with the 


has done bubbling in the phial, the ball is ſufficiently 


water up into the ball in a jet, through the neck 
cd; and will fill the ball almoſt full of water, 
The reaſon why the ball is not quite filled, is be- 
cauſe all the air could not be taken out of it; and 
the ſmall quantity that was left in, and had ex- 


and remains in a ſmall bubble at the top of the 
ball ; and ſo keeps the water from filling that pan 


it on the pump- plate near the hole i; then ſet on 
the tall open receiver AB, ſo as to be over the r 


a brals 


95 cle at 
(hrs wp on it at 5) into e 09. ent: 
ing be tube through. a hale in the middle of, the 
bur, .ſo as to immerſe the lower 75 the tube e 
in the quick ſilver at D, ſcrew he end 5 of the ſy: 
ine inte the plate. This done, dau pp che 
xa in che fyringe by che ring 4, which will make 
{nacuum in the ſyringe below the. piſton, ;. and ag 
he upper end of the tube opens into the ſyring 
de ür will be dilated in the tube, becauſe "qi 
x, by its. ſpring, gets up into the ſyringe 3, and the 
ſpring of the undilated air in the receiver ating 
wan the ſurface. of the quickſilyer in the jar, will 
force part of it up into the tube: for the quick- 6 
fer will follos the piſton, in the ſyringe, in the 
ame way, and for the ſame. reaſon, that water 
flows the piſton of a common pump when i it is 
ried in the pump barrel; and this, according, to 
ſome, is done by ſuction. But to. refute that erro- 
aum notion, let the air be pumped out of the 
W ncciver. AB, and then all the quickſilver in the 
tube will fall down by its own weight into che jar "Y 
ul cannot be again raiſed one hair's breadth, in the 
ube by working the ſyringe; 7 Which ſhews that 
lation had no hand in raiſing the quickſilyer; 
ud, to prove that it is done by preſſure, let the 
ir into the receiver by the cock & (Fig. 1.) and 
is action upon the ſurface of the quickſilver in the 
jr will raiſe it up into the tube, although the 
Mon of the ſyringe continues motionleſs, — 
the tube be about 32 or 33 inches high, the, quick= 
1 vill riſe in it 1 MAGA Lo as Jt, and at 


iat 
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that time in the barometer. And, if the Fring 
has a ſmall hole, as m, near the top of it, and 
the piſton be drawn up - above that hole, pt & 
will ruſh throug h the hole into the ſyringe aul 
tube, and the diebe will immediately fil 
down into the jar. If this part of the Ghai 
be air-tight, the gulckflver may be pumped up 
into the tube to the ſame height that it ſtands in! 
the barometer ; but it will g6 no higher, becauk 
then the weight of the column in the tube is the 
ſame as the weight of a &littmh of air of the ſans 
thickneſs with the quickfilver, and reaching from 
the earth to the top of the attnoſphere. 

eds. Having placed the jar A, with ſome quick- 
filver in it, on the pump plate, as in the laſt er / 
periment, cover it with the receiver B; then puſh 
the open end of the glaſs tube through the collar 
of leathers in the brafs neck C (which it fits ſo # 
to be air- tight) almoſt down to the quickfilver in 
the j Jar. Then exhauſt the air out of the receiver, 
and it will alſo come out of the tube, becauſe the | 
tube is cloſe at top. When the gauge mwwithew 
that the receiver is well exhauſted, puſh down the 
tube, ſo as to immerſe its lower end into the quick- 
filver in the j Jar. Now, although the tube be er 
hauſted of air, none of the quickfifver will ni 
into it, becauſe there is no air left in the receiver 
to preſs upon its ſurface in the jar. But let the dit 
into the receiver by the cock &, and the quick: 
filver will Immediately riſe in the tube; and ſtand 
as high in it, às it was pumped up in che lat &- 
pertment. 5 


5 AA 


of the "ir hu 


Beh theſe! experiments: ſhew, that the tjulcks, 


Giver is f in che baronieter by the preſſure 


of che air ite: ſurfaoe in the box, 1 the 


en end of che tube is placed. And that the 
ide dene and heavy the air is, the higher does 
Sher riſe 3 and on the contrafy, the 


ber lighter tht air is, the more will the 


queklilver fall. For, if the handle # be turned 
cher ſo little, it takes ſome air out of the receiver, 
yniſing one ot other of the piſtons in its barrel; 
ad conſequently, that which remains in the re- 
aher is ſo tuch the rarer, and has {6 much the 
ks ſpting and weight and thereupon, the quick - 
flrer falls a little in the tube: but upon Turning 
te c, and re · admitting the air into the re- 
ver, it becomes as weighty as before, and the 
qicklilver riſes again to the ſame height. Thus 
| {© the reaſon why the quickſiiver in the baro- 
meter falls before rain or ſnow, and riſes before 


1 mt; for; in the former cafe, the air is too 


this and tight to bear up the vapours, and in che 
latter, too denſe and heavy to let them fall. 
NB. In alt mercurial experiments with the air- 
unf. a fort pipe miſt be ſcrewed into the hole i, 


ste nie about an inch above the plate, to pre- 

dat the quickfilver from getting into the air- pipe 
A barrels, in caſe any of it ſnould be accidentally 
hik oer he Jar : 


for if it once gets into the 
Ihe or barrels; it ſpoils them, 15 nen che 
fer, and corroding rhe braſs. 

. Take the tube out of K and put 
of a bit of dry hazel branch, about an 
0 2 inch 


Fig. 10. 
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a 


the cup, and exhauſt the receiver of air, and «| 


catch i it. 


the pump · plate; this done, let in the air, a 
upon taking the wood out of the jar, u 
ſplitting it, its pores will be found full of quick: 
ſilver, which the force of the air, upon being is t 
into the receiver, drove into the wood. 
10. Join the two braſs hemiſpherical cups Aud adi 


of the pipe CD into the plate of the pump a 5 
and turn the cock E, ſo as the pipe may be open il 
the way into the cavity of the hemiſpheres : then 
exhauſt the air out of them, and turn the f 
quarter round, which will ſhut. the pipe CD, ad 
keep out the air. This done, unſcrew the pipe at l 
D from the pump; and ſcrew the piece Fb updl 
it at D; and let two ſtrong men try to pull the be 


will find hard to do: for if the diameter of the 


07 the airy, 
inch long, tight into the hole, and the OR, 


tight into a hole quite through the bottom d | 
ſmall wooden cup: then pour ſome quickſiiver im 


preſſure of the outward air, on the ſurface of th | 
quickſilver, will force it through the pores of b 
hazel, from whence it: will defrend 3 in a beau 
ſhower into a. cup n under the receiverſy 


9. Put a wire through the collar of leather 
the top of the receiver, and fix a bit of dry wand 
on the end of the wire within the receiver ; they 
exhauſt the air, and puſh the wire down, ſo x 
immerſe the wood into a jar of quickſilver. an 


B together, with a wet leather between them, haying 
a hole in the middle of it; then ſcrew the end ) 


miſpheres aſunder by the rings g and b, which the 
hemiſpheres 
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Haber be four inches, they will be preſſed to- 
r by the external air with a force equal to 
1 pounds And to ſhew that it is the preſſure 


Ki of the rings upon the hook P of the wire in 
& receiver M (Fig. 2.) and upon exhauſting the 
| | our of the Wy they will fall aſunder af 


1. Place a ſmall receiver O (Fig. nd near the 
1 on the pump- plate, and cover both it and 
bole with the receiver M; and turn the wire 
dle top P, that ita hook may take hold df 
WW little receiver by a ring at its top, allowing 
lat receiver to ſtand with its own weight on the 


ul be forcibly held down to the pump by the 
pefſure of the external air; whilſt the ſmall one 


IO, having no air to preſs upon it, will continue 
Joe and may be drawn up and let down at plea- 


bonn to. the plate, and admitting the air into the 
ver M, by the cock k, the air will preſs ſo 
pon the ſmall receiver O, as to fix i it down ta the 
hte 4 and at the ſame time, by counter- balancin 

que outward preſſure on the large receiver M. it 
eil become looſe. This experiment. evidently 
i u, that the receivers are held down by preſſure, 
aud not by ſuction, for the internal receiver continued 


: Eternal one was held down ; but 'the former became 
[ immediately by letting in the air upon it. 
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dee air that keeps them together, hang them by 


We. Then, upon working the pump, the air 
come out of both receivers; but the large one 


un, by the wire PP. But, upon letting i it quite 4 


. whilſt the operator was pumping, and the 


12. Screw. 


® 3 d 
4 
0 
« #4 
* 
- n Ee 


* 
Fig. 11. 


upon the plate 7, which is Ned on the 


cke receiver, the preffure of the atmoſphere on the 


che by of the receiver. 


Of tho. alr punb. 
12. Screw the end A of the braſs pipe 437 
ihto the hole of the pump. plate, -and turn the cock 


e until the pipe be open; then put a wet leitber 


pipe, ud 
covet it with the tall rereiver & H, which is dow 
at top: then exktauft the #ir but of the este, 
and turn che cock t to keep it out; which done 
unſcrew the pipe from the pump, and ſet its end i 
into 'a 'baſoh of water, and turn che cock : 1 
open the pipe on which, as there is no air in 


water in the bafon will drive the water forcibly 
through the pipe, and make it Play vp in L Jet th 


Set the ſquare phial' A (Fig. 14.) upon the 
pings plate, and having covered it with the vir 
cage B, put a cloſe receiver over it, and erbaut. 
the air out of the receiver; in doing of which, 
the air will alſo make its way out of the phil 
through a ſmall hole in its neck under the valve. 
When the air is exhauſted, turn the cock beloy 
the plate, to re- admit the air into the receiver; 
and as it cannot get into the phial again, beciuſe 
of the valve, the phial will be broke in a thouſand 

ieces by the preſſure of the air upon it. Had 

en 'of a round form, it would have fuſtzined 
this preſſure like an arch, without breaking 
but a ns fides are flat, it cannot. n 


10 
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v abs dat or fene 7 00 air. . 


. 


1 Tee, vp a very ſmall quantity of air in 3 
der, and put it under a receiver; then exhauſt 


he ir out of the receiver, and the ſmall quantity 
wich is confined, in the bladder (having nothing 
p act againſt it) will expand itſelf ſo by the force 
of its ſpring, as to fill the bladder as full as it 
quld be blown of common air. But upon letting 
W the air into the receiver again, it will overpower 
te air in the bladder, and preſs. its ſides amo. 
doſe together. 10 
16. 15 the bladder ſo tied up be put into 
wooden box, and have 20 or 30 pounds weight 4 
kad put upon it in the box, and the box be co- 
weed with a cloſe receiver; upon exhauſting the 
ir out of the receiyer, that air which is confined 
ade bladder will expand itſelf fo, as to raiſe up 
lde lead by the force of its ſpring. _ 
| th, Take the glaſs ball mentioned in the fifth Fig 7. 

apenment, which was left full of water all but 3 

inal bubble of air at top, and having ſet it with 

eck downward into the empty phial 44, and 

oveed it with a cloſe receiver, exhauſt the air out 

> the receiver, and the ſmall bubble of air in the 

up of the ball will expand itſelf, ſo as to force all 

le water out of the ball into the phil. 

17. Screw the pipe AB into the pump Plate, Fig. 1 
Pace the tall receiver & H upon the plate cd, as in 
ſe tyelfth experiment, and exhauſt the air out of 
ke 'Rcgiver ; z then, turn the cock e to keep out the 

0 4 Air, 


| Fig. 12. 


air, unſcrew the pipe from the pump, and ſcrew 
into che mouth of tie copper veſſel CC (Fig, 15 
the veſſel having firſt been about half filled wit 


fpring of the air which is confined' in the copper 


a baſon, in the twelfth experiment. 


agonies of a moſt bitter and eruel death. But x 


the lungs of animals are contracted into à ſmall 


19. If a butterfly be ſuſpended in a receiver, by 
aà fine thread tied to one of its horns, it will f 


As, and ſcrew the braſs collar c of the tube BG 
into the braſs neck ô of the bottle, and the love! 


Of the air. pump. 


veſſel will force the water up through the pipe 4} 
in a jet into the exhauſted receiver, as ſtrongly a 
it did by its preſſure on the ſurface of the water in 


18. If a fowl, a cat, rat, mouſe, or bird, he 
put under a'receiver, and the air be exhauſted, the 
animal is at firſt oppreſſed as with a great weight 
then grows convulſed, and at laſt expires in all the 


this experiment is too ſhocking to every ſpectaut 
who has the leaſt degree of humanity, we ſubſii- 
tute a machine called the /ungs-glaſs in place of the 
animal; which, by a bladder within it, ſhews hoy 


compaſs when the air is taken out of them. 


about in the receiver, as long as the receiver con- 
tinues full of air; but if the air be exhauſted, 
though the animal will not die, and will continue 
to flutter its wings, it cannot remove itſelf from 
the place where it hangs in the middle of tbe r: 
ceiver, until the air be let in again, and then thc 
animal will fly about as before. © 
20. Pour ſome quickſilver into the ſmall bout 


end 


Of the uit hung. 
ad of the tube will be immerſed into che quick- 
yer, ſo that the air above the quickſilver in the 
bottle will be confined there, becauſe it cannot get 
dut about the joinings, nor can it be drawn 
aut through che quickſilver into the tube. This 

tubeis alſo open at top, and is to be covered with the 

receiver G and large tube EF, which tube is fixed 

by braſs collars to the receiver, and is cloſe at the 

wp. This preparation being made, exhauſt the 

ar both out of the receiver and its tube; and the 

ir will by the ſame means be exhauſted: out of the 

iner tube BC, through its open top at C; and as 

the receiver and tubes are exhauſting, the air that 

is confined in the glaſs bottle 4 will — ſo by its 

brot upon the-ſurfate of the quickſilver, as to force 

it up in the inner tube as high as it was raiſed in 

the ninth. by the preſſure of the atmo- 
bete: which demonſtrates that the ſpring * . 

ar is equivalent to its weight. 

21. Screw the end C of the pipe into os Fig. 13 
hole of the pump-plate, and turn all the. three 
cocks d, G, and H, ſo as to open the communi- | 
ations: between all the three pipes E, F, DC; and 
the hollow trunk AB. Then, cover the plates g 
and h with wet leathers, which have holes in their 
middle where the pipes open into the plates; and 
Place the cloſe receiver I upon the plate g: this 
done, ſhut the pipe F by turning the cock H, and 
exhauſt the air out of the receiver J. Then, turn 
the cock 4 to ſhut out the air, unſerew the machine 
from/ the pump, and having ſcrewed it to the 
*. foot L, put the receiver K upon the plate 


1 


u the ar ung. 
bz this receiver will continue looſe on the plate az 
long as it keeps full of air; which it will do until 
rhe cock ¶ be turned to open the communicguon 
between the pipes Fand G, through the trunk 43, 

and then the air in the receiver K, having nothing 
_ to act againſt its ſpring, will run from into 1, 
until it be ſo divided between theſe receivers, as tg 
be of equal denſity - in both; and then they wil 
be held down with equal forces to their plates by 
the preſſure of the atmoſphere z though each re- 
ceiver will then be kept down but with one half of 
preſſure upon it, that the receiver I had, when it 
was exhauſted of air; becauſe it has now one half 
of the common air in it which filled the receiver | 
K when it was ſet upon the plate; and therefore, 3 
force equal to half the force of the ſpring of com- 
mon air, will act within the receivers againſt the 
whole preſſure of the common air upon their oui: 
ſides. This is called transferring; the air aut 
of one veſſel into ano tber. 
22. Put a cork into the ſquare phial 4, and s 
it in with wax or cement; put the phial upon the | 
pump- plate, with the wire cage B over it, and co- 
ver the cage with a cloſe receiver. Then, exhauſt 
the air out of the receiver, and the air that vas 
corked up in the phial will, by the force of it 
ſpring, break the phial outwards, becauſe there 1s 
no air left on the outſide of the phial to act againſt | 
the air within it. = n . 
22. Put a ſhrivelled apple under a cloſe receiver, 
and exhauſt the air; then the ſpring of the al | 
within the apple will plump it out, ſo as to nu 


Mer 
he wrinkles' difappear ; but upon letting the . 


E 

acl Wi into the receiver again, to preſs upon the apple, 
ion it _ inſtantly return to its e n err * 
3, WM fvelled ſtate. 

ng 23. Take a freſh” egg, and cut off a little of 
be fhell and film from its ſmalleſt end, then put 
t0 de egg under a receiver, and pump out the air; 
een which, all the contents in the egg will be 
by WH freed out into the receiver, by the expanſion of a 
e. mall bubble of air contained in che mu end, you 
of Wh iced the hell and fim. a M. 


_— 
— 


; 24. Put ſome warm beer ins laß, and W 


alf ſt it on the pump, cover it with a cloſe receiver, 
ef nd then exhauſt} the air. Whilſt this is doing, 
+ i uid thereby the preſſure more and more taken off 
. im the beer in che glaſs,” the air therein will ex- 
be pad icfelf, and riſe up in innumerable bubbles to 
de furface of the beer; and from thence it is 


uken away with the other air in the receiver. 
When the receiver is near exhauſted; the air in the 
er, which could not diſentangle / itfelf* quick 
enough to get off with the reſt, will now expand 
tell ſo, as 2 cauſe the beer to have all the ap- 
pearance of boiling z and * grour 2 40 it 
vil go over the glaſs. 

25. Put ſome warm water ie tus; wid So 
bit of dry wainſcot or other wood into the water. 
Then, cover the glaſs with a receiver, and exhauſt 
te ur; upon which, the air in the wood having 
Werry to expand itſelf, will come out plentifully, 
td make all cke water to bubble about the wood, 
thecially HE the ends, becayſe the pores be 
lengthwiſe, 
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contrary to their natural tendency by gravity, 
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lengthwiſe. A cubie inch of dry wainſeor jus 
ſo much air in it, that it will continue bubbling 


for near half an hour together, 


Miſcellaneous experiments. 


25; Screw the ſyringe H (Fig. 8.) to a piece of 
lead that weighs one pound at leaſt; and, holding 
the lead in one hand, pull up the piſton in the y- 
ringe with the other; then, quitting hold of the 
lead, the air will puſh it upward, and drive back 


the ſyringe upon the piſton. The reaſon of this 
is, that the drawing up of the. pifton made a vn. 


cuum in the ſyringe, and the air, which preſſes 
every way equally, having nothing to reſiſt its pref 
ſure upward, the lead and ſyringe were preſſed up, 


If the ſyringe ſo loaded, be hung in a receiver, 
and the air be exhauſted, the ſyringe and lead will 


deſcend upon the piſton-rod by their natural gra- 
vity ; and, upon admitting the air into the - 
ceiver, they will be drove upward again, until the 


piſton be at the very bottom of the ſyringe. 
26. Let a large piece of cork be ſuſpended by 
a thread at one end of a balance, and counter- 
poiſed by a leaden weight, ſuſpended in the fame 


27. 


bpply 


ſoit al 
a Cloſe 


being ſet on the pump, and the air exhauſted, the 


manner, at the other. Let this balance be hung 
to the inſide of the top of a large receiver; which 


cork will preponderate, and ſhew itſelf to be he- 


vier than the lead; but upon letting in the a * 
again, the equilibrium will be reſtored. The * an 


of this is, that "A the- air is a auld, 200 al 


bodies loſe as much of their abſolute weight in itz 


z is equal to the weight of their bulk of the fluid; 
the cork being the larger body, loſes more of its 
real weight than the lead does; and therefore muſt 
in fact be heavier, to balance it under the diſad- 


untage of loſing ſome of its weight: which diſ- 
adrantage being taken off by removing the air, 


quantities of matter, and the cork, which balanced 
the lead 1n air, n W to be heavier when in 
17708 

27. Set a lighted ey upon hw: pump, ab 
cover it with a tall receiver. If the receiver holds 


ater having gradually decayed from the firſt in- 
ant, it will go out: which ſhews, that a conſtant 


is ſufficient Wy for one minute for a man to breathe 
ij. 
The moment that the candle goes out, "A ſmoke 
ill be ſeen;to aſcend to the top of the receiver, 
ad there it will form a ſort of < cloud : but, upon 
ahauſting the air, the ſmoke will fall down to 
the'bottom of the receiver, and leave it as clear at 
Wpas it was before it was ſet. upon the pump. This 
ſhews, that ſmoke does not aſcend on account of 
It being poſitively light, bur becauſe it is lighter 
air; and its falling to the bottom when the 
air 


the bodies then gravitate according to their real 


z gallon, the candle will burn a minute, and then, 


lipply of freſh air is neceſſary to feed flame; and 
fit alſo is for animal life. For a bird kept under 
acloſe receiver will foon die, although no air be 
pumped out; and it is found that a gallon of air 


„ oy. 


lift up the cover and let down a mouſe or bird into 


Of the ar. dag 
wir vas taken away, ſhews, that it is not deftitine 
of weight. So moſt ſorts of wood aſcend br ſain 
in water; and yet there are none who doubt of the 
wood's having gravity or weight. 

28. Set a receiver, which is open at top, 

the air - pump, and cover it with a braſs-plate, and 
wet leather; and having exhauſted it of air, le 
the air in again at top through an iron pipe, making 
it paſs through a charcoal flame at the end of the 
pipe; and when the receiver is full of that air 


the receiver, and the burat air will immediately kill 
it. If a candle be let down into the air, it will 
go out directly, but will purify the air fo far as it 
was let down; and ſo, by lighting it and letting it 
down over and over again, all the air in the res | 
ceiver will be/purified, 
29. Set a bell upon a cuſhion on the pump- 
0 and cover it with a receiver; then ſhake 
the pump to make the. clapper ftrike againſt the I 
bell, and the ſound will be very well heard: but, 
exhauſt the receiver of air, and then, if the clap» 
per be made to ſtrike ever ſo hard againſt the bel 
it will make no found at all; which ſhews, that 
air is Payne: Ree for the propagation of 
30. Let u candle be placed on one fide of af 
reiver, and viewed through the feceiver at ſont 
diſtance z then, as ſoon as the air begins to be ex- 
hauſted, the receiver will be filled with re 
which riſe from the wet leather, by the ſpring of 


the air in it; and the ye of the candle being 
| refradted 


Of- the air pumbi 

drafted through that medium of vapours, will 
ve the appearance of circles of various colours, 

ſuch as are _ about the moon in a DD air 0 


moht: - 


yl, to whom we are indebted for our greateſt 


of the air, 3 in the above eee 
W. 

The elaſtic aur which is contained in many bes 
dis and is kept in them by the weight of the at» 
noſphere, may be got out of them either by boil» 


ment: but the fixed air, which is by much 
the gtester quantity, cannot be got out but by 
lſtilation, fermentation, or putrefaction. 

l fixed air did not comè out of bodies with 


wuld be tent by the change of air from a fixt to 


1 
o W'' elaſtic ſtate, and animals would be burſt in 
ll, bers by the exploſion ef air in their food. 

hat Dr. Hales found by experiment, that the air in 


no the common air, it would fill a. ſpace 48 
ines as great as the bulk of the apples themſelves : 
Othat its preſſure outwards was equal to 11776 lb. 
ad, in a cubic inch of oak to 19860 lb. againſt 


* 7 they would tear every thing to- 


The al- pump was invoked, by Ob Guerick of 
Miydeburg, but was much improved by Mr. 


art of the knowledge of the wonderful properties 


ins; or by the air-pump, as ſhewn in the 25th. ex+ - 


an, and ſpend ſome time in extricating itfelf 
vun them, it would tear them to-pieres. Trees 


per is ſo much condenſed, that if it were let out. 


Is ſides. So that if the air was let looſe at once in 


pieces 
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pieces about them with a force much ſuperior to 
gunpowder. Hence, in eating apples, it is yel 
that they part with the air by degrees, as they 
ferment in the ſtomach, otherwiſe, an apple would 
be immediate death to him who eats it. 

The mixing of ſome ſubſtances with other 
will releaſe the air from them, all of a ſudden, 
which may be attended with very great danger, Of 
this we have a remarkable inſtance in an experi 
ment made by Dr. Slare ; who having put half: 
dram of oil of carraway-ſeed into one glaſs, and 
a dram of compound ſpirit of nitre in another, 
covered them both on the air-pump with a receiver 
ſix inches wide, and eight inches deep, and then 
exhauſted the air, and continued pumping un- 
til all that could poſſibly be got both out of the 
receiver,. and out of the two fluids, was extricated: 
then, by a particular contrivance from the top of 
the receiver, he mixed the fluids together ; upon 
which, they produced ſuch a prodigious quantity W 
of air, as inſtantly blew up the receiver ; although 
it was preſſed down by the atmoſphere with up- 
wards of 400 pound weight. 


LECT, 


. . 


3 


* 


- 


TE 


I 


\ Ml 


. 
« 
* 


Mb 


| 
{ 
ö 
1 


Ul 


EL 


| 


hl 


5 — 


CS mat 


j | I 


NN 


i 


| 
| 


| 


js 


0 


U 
W- - « +» —— = 4 
Q * 4 
: ' # 4 s a4 | | 
* A . 
1 U 
.* 9 
f Y EX 4  ® — 
> : 1 
» 
D = | 
0 — 
f , J f | 
* 1 1 
* | * | 
" * 7 an { 
„ * — 
25 * 4 
0 0 72 
15 a — 
= of 
i - 
P — — 
- 
* 
* 
1 4 x 
LA — 2 - 7 - 4 


7 


—_ a 


*- 


of ah or. 


* 5 * N 4 * + ©® 
Th 8 9 7 n 
* 4 * j "3 * 12 » fe. 3 1 » 
46 ßen N . ' #d4 « 261A 1 &t if . * „ 
. © ; 


l £48 "writ 
| Of optic. Rey. 


* 
77 "244 $2 9 9 


1GHT « conſiſts. he an e var 


tu 2s 
& 2. 


body 3 in all manner of directions; and theſe parti- 


That the ki 4 erties of light! oy 
avably great, appears from, hence, that if a 


il the fpace within two miles of it every way with 
uminous particles, before ic has lo the leaſt ſenſi | 
le part of its ſubſtance. #7 xo 

A ray of light is a engine: "Dy of theſe 
articles, flowing. from any viſible . body in a 
fraight line: and that the particles themſelves are 


ing a row of candles ſtanding by one another 
en place a ſheet of paſteboard. a at a little diſtance . 
bind the paper; aid ſome of the "rays Which 
ow from all the candles through the hole in rhe 
aper, will form as many ſpecks of light on the 


if there was only one ſpeck from one 
ale which ſhews, that the particles of light are 
wi 7 


number of particles flowing from a luminous 


les are ſo 2 as to ee all — I : 


enſion. 1 * & © 8 


dle be lighted, and there be no obſtacle in the 
y to obſtruct the paſſage of its rays, it will fill 


comprehenſibly ſmall, appears from the following 
periment. Make a ſmall pin-hole in a piece of 
ack paper, and hold the paper upright on a table 


% . 


* 


alteboard as there are candles on the table before 7 The ama- 
e plate: each ſpeck being as diſtinct and clear; 7 


ſmall- 
$ of the 


= of 


20 


5 Plate XV. 


Fig. 1. 


Reflected 
boht, 


. 12 


N Fre" 7 f opties. Fu 
- "exceedingly, ſmall, otherwiſe they could not ya 
through the hole from ſo wig Ace e ml Rig 
without confuſion.—Dr. Niewenly: has candies WW dum of 
that there flo eben has computed, Bl when th 
x 7 WS more than 6,000,000 000 | 
times as many particles of light from Le 2 
1 ade of time, as there are grains of ſ⸗ an Tl 7 
the whole earth; ſuppoſing each cubic in T9 ly 
to contain 1,000,000. | inch of u WW r ll o 
e by! Glide ee ee 
. excite in our minds l _ = Top 
when they fall upon bodies, and are 3 nd Wh 45 ( 
flected to our eyes, they excite in us the eas of pa 
| 51 bodies. And as every point of a viſhl oro 
body ccfiecys;the rays of light in all manner of d * 
rections, every point will be viſible in every part "___ 
which the light is reflected from it. Tha mn nd 
object ABC 1s viſible to an eye in any part 88 6. 
| the * Aa, Ab, Ac, Ad, Ae, Ba, Bb, Bc Y mm 
| Be, and Ce, Cb, Ce, C4, Ce, come. Here wehur Ws ſep 
ſhewn the rays as if they were only reflected from ans 
the ends A and B, and the middle point C of the 2 
object z every other point being ſuppoſed to reflect MY 
| Fays in the ſame manner. So that, wherever ale 0 
ſpectator is placed with regard to the body, every 3h 
point of that part of the ſurface which is toward by - 
bim will be viſible, when no intervening objett| 2 
2 ſtops the paſſage of the light. Wemag 007" n+ fun 
Since no object can be ſeen through the bore of #1 72 
hy bended Pipe, it is evident that the rays of light wi Y 
1 = in ſtraight lines, whilſt there is nothing 0 Io 
„ hn: Ts urn them out of their rectilineal courk. Wl * ny 
ee CS * 


Whilk 
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Whilſt the rays of light con: inue in any * me- 

zum of an uniform denſity, they are ſtraight; but 
when they paſs obliquely out of one medium into 
nother, which is either more denſe or more rare, 

hey are refracted towards the denſer medium: and 
this refraction is more or leſs, as the rays fall more 
les obliquely on the refracting ſurface of the 
= _— A $A ; 

Toprove this'by experiment, ſet the empty veſ- 
HABCD into any place where the ſun ſhines 
bliquely, and obſerve the part where the ſhadow Fig. 2. 
o the edge BC falls on the bottom of the veſſel 

u E; then fill the veſſel with water, and the Refracted 
hadow will reach no farther than e; which ſhews, ist. 
hat the ray 2 B E which came ſtraight in the open | 

ar, juſt over the edge of the veſſel at B to its 
bottom at E, is refracted by falling obliquely on 

tte ſurface of the water at B; and inſtead of go- 

lg on in the rectilineal direction AB E, it is bent 
ynward in the water from B to e; the whole 

tend being at the ſurface of the water: and fo of 

ll the other rays abc. * 

If a ſtick be laid over the veſſel, and the ſun's 
ys be reflected from a glaſs perpendicularly into 

be veſſel, the ſhadow of the ſtick will fall upon 

te fame part of the bottom, whether the veſſel be 
mpry or full; which ſhews, that the rays of 

lght are not refracted when they fall perpendicu- 
uh on the ſurface of any medium. 


Fg 


f Any thing through which. the rays of light can paſs ĩs called 
inedjum ; aß air, water, glaſs, diamond, or even a vacuum. 


T3 WW 
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The rays of light are as much refracted h) 

paſſing out of water into air, as by paſſing out of 

air into water. Thus, if a ray of light flog 

from the point e, under water, in the direction 

e B; when it comes to the ſurface of the water x 

B, it will not go on thence in the rectilineal court 


Bd, but will be refracted into the line 2, place to 
Therefore, 33 Ice t 

To an eye at e looking through a plane glaſs in bung; 
the bottom of the empty veſſel, the point 2 cannot Ide ſun 
be ſeen, becauſe the ſide Bc of the veſſel inter. WM jorizon, 

poſes ; and the point 4 will juſt be ſeen over the WM borter, 
edge of the veſſel at B. But if the veſſel be filled WM vi vap 

with water, the point a will be ſeen from e; and Wirfice, 

will appear as at d, elevated in the direction of the MW Z3GH 
I {gg 27 1 every pe 
| The time of ſun-riſing or ſetting, ſuppoſing its WM lght in: 
The days rays ſuffered no refraction, is eaſily found by cal- Il con! 
3 culation. But obſervation proves that the ſun df our 
he 7 riſes ſooner, and ſets later every day than the cal- WW at J. 
ſun's rays. Culated time; the reaſon of which is plain from WW in t! 
what was ſaid immediately above. For, though wurſe w 
the ſun's rays do not come part of their way tous Wiſhtere ; 
through water, yet they do through the air or a ted 
moſphere, which being a groſſer medium than the lt do 
T1. free ſpace between the ſun and the top of the r: a1 
„ oe 9 TT | tte direc 
© * Hence a piece of money lying at e, in the bottom of an e E, 

empty veſſel, cannot be feen by an eye at a, becauſe the edge of The 

the veſſel intervenes ; but let the veſſel be filled with water, and 7 
the ray e& being then refracted at B, will ſtrike the eye at 1 2 Þ 
ſo render the money viſible, when will appear as if it were called 2/ 


raiſed up to F in the line 4 87. 
F ak moſphere, 


mſphere,. the rays, by entering obliquely into the 
unoſpliere are there refracted, and thence bent 
bon to the earth. And although there are many 
hs of the earth to which the ſun is vertical at 
won, and conſequently his rays can ſuffer no re- 
{tion at that time, becauſe they come perpendi- 


Fi hat 
e alach through the atmoſphere; yet there is no 
2. de to which the ſun's rays do not fall obliquely 


u the top of the atmoſphere, at his riſing and 


nung; and conſequently, no clear day in which 
not ae fun will not be viſible before he riſes in the 
er. jorizon;. and after he ſets in it: and the longer or 
be fborter, as the atmoſphere is more or leſs replete 
led uch vapours. For, let ABC be part of the earth's Fig. 3. 


ſufice, DE F the atmoſphere that covers it, and 
H the horizon of an obſerver at B. As 
ery point of the ſun's ſurface ſends out rays of 
icht in all manner of directions, ſome of his rays 
il conſtantly fall upon, and enlighten, one half 
our atmoſphere ; and therefore, when the ſun. 
$a], below the horizon H, thoſe rays which go 
n in the free ſpace I&x H preſerve a rectilineal 
wurſe until they fall upon the top of the atmo- 


u here ; and thoſe which fall ſo about K, are re- 
1. WW batted at their entrance into the atmoſphere, and 


ut down in the line Ke B, to the obſerver's place 
1: and therefore, the ſun will appear at L, in 
be direction of the ray Be K, above the horizon 


bs ICH, when he is really below it at 7. 
de angle contained between a ray of light, 
ud WWF 2 perpendicular to the refracting ſurface, is 


ld the angle of incidence; and the angle. con- ng of in- 
P 3 .tained 0 fo 


Of optics, = 
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Tig. 4. 
{ ngle 
Ji actin, 


frafticn. Thus, let LB M be the refracting fur 


re- 


the angle K BH, is the a 
nie s KL. 


Of opties. 
tained between the ſame' perpendicular; and the 
ſame ray after refraction, is called tbe angle of 5. 


face of a medium (ſuppoſe water) and ABC yer. 
1 to that ſurface; let DB be à ray of 
ight, going out of air into water at B, and therein 
refracted in the line B H; the angle ABD, is the 
angle of incidence, of which PP is the fine; and 
ngle of refraction, whoſe 


4 


When the refracting medium is water, the fin Hend 
of the angle of incidence is to the fine of the an. lively: 
gle of refraction, as 4 to 3; which'is*onfirmed WW de, as 
by the following experiment, taken from Doctor 1 36, 
SMITH's optics. © * n kquent. 
Deſcribe the circle DAEC on a plane ſquare I wer, 
board, and croſs it at right angles with the ſtraight Wi 5 and 
lines ABC, and LBM; then, from the inter- Whe 
ſection 4, with any opening of the compaſſts, ſet I de ine 

off the equal arcs 4D and AE, and draw the 30 2 
right line DFE : then, taking Fa, which is thre: 5 2. 
quarters of the length FE, from the point a, Glaſ 
draw 4 parallel to AB K, and join XI, parallel i leaſt. 
to BM: ſo KI will be equal to three quarters of - "+ 4 
FE or of BF. This done, fix the board upright] ad of 
upon the leaden pedeſtal O, and flick three pins 2.4 
perpendicularly into the board, at the points D., , er 
and 7: then ſet the board upright into the veſſel 3. £ 
TUV, and fill up the veſſel with water to the ine bdes, - 
LBM. When the water has ſettled, look along « h. 
the line DB, ſo as you may fee the head of th: BW wed r; 


pin B over the head of the pin D; and the * 
| - i | N WI 


[ 
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4. WY vil appear in the ſame right line produced to G, 
or its head will be ſeen juſt over the head of the 
8 nin at. : which ſhews, that the ray IB, mins 
2 pin at J, is ſo refracted at B, as tb pro- 
A fom thence in the line BD, to the eye of 2 
obſerver 3 the ſame as it would do from any point 
the ein che right line DB G, if there were no water 
ind int the veſſel ; and alſo ſhews, that K 1. the ſine of 
of: ( cfation. in water, is 49 DF, de ſine of inci- 
dence-in- air, as 3 to 4. 
ine Hence, if D BH. were a — lick put hs 
in. WJ iquely into the water, it would appear a koi 
ned one, as DBG. Therefore, as the line BH appears 
10 36, ſo the line BG will appear at Bg; and con- 
kquently, a ſtraight ſtick D BG put obliquely into 
are WY vater, will ſeem bent at the ſurface of the water in 
oht , and crooked. as DBg, 
2 When a ray of light paſſes out of air into glass, 
erde fine of incidence is to the ſine of refraction, as 
the to 23 and when out of air into a diamond. as 
Iree 510 .. 
4. Glaſs may be ee into eight different ſhapes 
le i © leaſt, for optical purpoſes, viz. £ 
s of „ plane- glaſs, which is flat On. both 75 * Fig. 5. 
ght ind of equal thickneſs in all its parts, as A. 


pins 2. A plano- convex, which is flat on one {ide and 
„B, convex on the other, as B. 

eſſel 3. A double- convex, which is convex on both 
line 145, as C. : 

on 

. * This is ſtrictly true of the red rays only, for che other co- 


or vured rays are differently refracted; but the difference is ſo 
in _ that it need not be conſidered in this place. 


o 


| conrave, Which is flat on one fide ; 
and concave oll the other, a8 D. J it et 75 There 
_— 5 ren ahich is ee on n both 0 ſo 
fs as I. NI of: ; * is | 


Fig. 6. 


. H. 


A 3 ſurface, But he: rays CG and CI. Fo 


6. A dene es which is concave on | one kts 
and convex on the other, as F. 


7. A at- plano- convex, Wide wrt Ake is 
ground into ſeveral little flat furfaces, as G. 

8. A priſm, which has three flat ſides, and when 
viewed WER mne gn an , ebe 1 


Glaſſes gromnd into aby of the adore ſhape B, 
C, D, E, E, are generally called lenſes. 


A right line LIX, going perpendicularly through 


rs middle of a lens, is called the axis of the lms. vexit 
A ray of light Gh, falling perpendicularly on a W 
plain glaſs E F, will paſs through the glaſs in the a gla 
ſame direction hl, and go out of it into the air in and 
"= fame right courſe i H. to m 
* Aray of light AB, falling obliquely on a plain ſtanc 
glaſs, will go out of the glaſs in the ſame direction, the 
But not in the ſame right line; for in touching the glaſs 
glats, ir will be refracted in the line BC, and in other 
ſeaving the glaſs, it will be refracted in the ine CD. s t 
A ray of light CD, falling obliquely on the vexit 

middle of a convex glaſs, will go forward in the ble 
ſame direction DE, as if it had fallen with the of t 
fame degree of obliquiry on a plane glaſs; and the 
will go out of the glaſs in the ſame direction with the 
which it entered: for it will be equally refradted 8 
at the points B and E; as if it had paſſed through : cc 
e 
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iſ refratted;” as to meet again at the point F. 
Therefore, all the rays which flow from the point 
0 ſo as to touch the glaſs, will meet again at F; 
1nd if they go farther onward, as to L, they croſs - 
it E and go forward on the oppoſite ſides of the 
middle ray CDE F, to what they were in approach- 
ing it in the directions HF and KF. NY 45 
When parallel rays, as ABC, fall directly upon Fig: L. 
z plano-convex glaſs DE, and paſs through it, 2 
they will be ſo refracted, as to unite in a point 4. 1 
3 it; and this point is called the principal ! 
; the diſtance of which,, from the middle of 
ie gl, is called the focal diſtance; which is equal 
to twice the radius of the ſphere of the glaſs's con- 
yexity. And, 
When parallel rays, as ABC, fall direktly open Fig. 9. 
a glas DE, which is equally convex on both ſides, 
and paſs through i it; they will be ſo refracted, as 
to meet in a point or principal focus f, whoſe di- 
ſtance is equal to the radius or ſemidiameter.of 
the ſphere - of the glaſs's convexity, But, if a 
glaſs be more convex on one fide than on the 
other, the rule for finding the focal diſtance is this ; 
s the ſum of the ſemidiameters of both con- 
vexities is to the ſemidiameter of either, ſo is dou- 
ble the ſemidiameter of the other to the diſtance 
of the focus. Or, divide the double product of 
the radii by -their ſum, and the quotient wi be 
the diſtance ſought. | 
Since all thoſe rays of the ſun which paſs tron 
a convex glaſs are collected together in its focus, 
the force of all their heat is collected into that 
part; 
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part; and is in proportion to the common heat of 
the ſun, as the area of the glaſs is to the area of 
the focus. Hence we ſee the reaſon why a convex 


glaſs cauſes the ſun's rays to > burn, after paſſing 


through it. 


All theſs rays croſs the middle ray in the focus 
7, and then diverge from it in the ſame manner 
FfG,. as they onder in the ſpace D/E in 
coming to it. 

If another glaſs FG, of the ſame convexity as 
DE, be placed in the rays at the ſame diſtance 
from the focus, it will refract them ſo, as that 
after going out of it, they will be all parallel, as 
2, b, c, and go on in the ſame manner as they came 
to the firſt glaſs DE, through the ſpace ABC; but 
on the contrary ſides of the middle ray Bb: for 
the ray ADf will go on from F in the direction 
fGa, and the ray CEF in the direction f Fc; and 
ſo of the reſt, 


The rays diverge from any radiant point, as 


from a principal focus : therefore, if a candle be 


placed at f, in the focus of the convex glaſs FG, 
the diverging rays in the ſpace FfG, vill be ſo re- 
tracted by the glaſs, as, that after going out of it, 
they will all become parallel, as ſhewn in the ſpace 
cba. 

If the candle be placed nearer the glaſs than its 
focal diſtance, the rays will diverge after paſſing 
through the glaſs, more or leſs, as the candle 1s 
more or leſs diſtant from the focus. 

If the candle be placed farther from the glals 
than i its focal diſtance, the rays will converge alter 

paſſing 
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aſſing through the glaſs, and meet in a point. 
which will be more or leſs diſtant from the glaſs, 
s the candle is nearer to, or farther from, its fo- 
vs: and where the rays meet, they will form an 
erred image of the flame of the candle; which 
may be ſeen on a paper Pont in the meeting of 


the rays. 
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Hence, if any objekt ABc, be placed beyond Plate XVI. 


the focus E, of the convex glaſs def, ſome of the 
rays which flow from every point of the object, 
on the ſide next the glaſs, will fall upon it, and 
after paſſing through it, they will be converged 
into as many points on the oppoſite ſide! of the 


4d, Ae, Af, flowing from the point A, will con- 
verge in the pace daf, and by meeting at a, will 
there form the image af the point A. The rays 
BJ, Be, Bf, en from the point B, will be 


there form the image of the point B. And the 
rays Cd, Ce, Cf, flowing from the point C, will 
be united at c, where they will form the image of 
the point C. And ſo of all the other intermediate 
points between A and C. The rays which flow 
rom every particular point of the object, and are 
united again by the glals, are called a pencil of 
rays, 

If the object APC be brought nearer to the 
glaſs, the picture a he will be removed to a greater 


ſingle 


glas, where the image of every point will be 
formed ; and conſequently, the image of the whole 
object, which will! be inverted. Thus, the rays 


diſtance, For then, more rays flowing from every 


Fig. . 


united at þ by the refraction of the glaſs, and will 
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Haga ne point, will fall more diverging upon the gl, 
and therefore cannot be ſo ſoon collected into the 
correſponding points behind it. _ Conſequently, if 

Fig. 2. the diſtance of the object ABC; be equal to the 

7 diftance eB of the focus of the glaſs, the rays of 
each pencil will be ſo refracted by Paſſing through 
the glaſs, that they will go out of it parallel w 
each other; as 1, H, b, from the point C; G, N., 
from the point By and E, E, E, from the point 4; 
and therefore, there will be 1 no Lemos formed be 
hind the glaſs. 

If the focal diſtance of the olafs and the di 
ſtance of the object from the glaſs, be known; 
the diſtance of the picture from the glaſs may be 
found by this rule, viz. multiply the diſtance of 
the focus by the diſtance of the object, and divide 
the dud by their difference; the quotient vil 

be the diſtance of the picture. 

Fig. . The picture will be as much bigger or leſs than 
the object, as its diſtance from the glaſs is greater 
or lefs- than the diſtance of the object. For, as 
Be is to eb, ſo is AC to ac. So that, if ABC be 
the object, cab will be the picture; or, if cab be 
the object, A BC will be the picture. 

The man- Having deſcribed how the rays of light, flowing 
ca Wot objects and paſſing through convex glaſſes, 
are collected into points, and form the images of 
the objects; it will be eaſy to underſtand how the | 
rays are effected by paſſing through the humours 
of rhe eye, and are thereby collected into innu- 
merable points on the bottom of the eye, and 
thereon ok the mages of the objects which they 


_ flow 
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tow from. - For, the different humours of the eye, 

nd particularly the chryſtalline humour, are to be 
nſidered as à convex glaſs; and the rays in paſ- 

ing through them, to be effected in the ſame man- 

ter as in paſſing through a convex glaſs. 

The eye is nearly globular. It confiſts of three Fig. ; 
coats and three humours. The part DHHG of 
the outer coat, is called the ſclerotica, the reſt 
GFE D the cornea, Next within this coat is that 
called the choroides, which ſerves as it were for. a 
lining to the other, and joins with the iris m u, mn. 

The iris is compoſed of two ſets of muſcular fibres; 

the one of a circular form, which contract the hole 

in the middle, called the pupil, when the light = 
would otherwiſe be roo ſtrong for the eye; and the The eye Mi 
aher of radial fibres, tending every where from the {>> 
circumference of the iris towards the middle of the 
pupil; which fibres, by their contraction, dilate and 

enlarge the pupil when the light is weak, in order 

to take in the more of its rays. The third coat is 

only a fine expanſion of the optic nerve L, which 

ſpreads like net · work all over the inſide of the 
choroides, and is therefore called the retina ; upon 

which are painted (as it were) the images of all vi- 

ible objects, by the rays of light which either flow 

Care reflected from then. 

Under the cornea is a fine tranſparent fluid like 
water, which is therefore called the aqueous humour. # 
It gives a protuberant figure to the cornea, fills | ] 
the two cavities n and un, which communicate 1 
by the pupil P, and has the ſume limpidity, ſpe- bi 
ic gravity, and refractive power, as water, —At „ | | 

| 


the 


rent membrane, from which proceed radial fibres 


little exceeds the ſpecific gravity and refractive 


E and F; and by paſſing on, through the humour 


( oplics. | 
the back of this lies the chryſtalline bumour I, 
which is ſhaped like a double convex glaſs ; * 
is a little more convex on the back than the fore 
part. It converges the rays, which paſs through i 
from every viſible object, to its focus at the box 
tom of the eye. This humour is tranſparent like 
chryſtal, is of the conſiſtence of hard jelly, and 
exceeds the ſpecific gravity of water in the propor. 
tion of 11 to 10. It is incloſed in a fine tranſps- 
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00, Called the ligamentum ciliare, all around it; 
edge; and Join to the circumference of the iris 
Theſe fibres have a power of contracting and dilat. 


ing occaſionally, by which means they alter the in the 
ſhape or convexity of the chryſtalline humour, reach of 
and allo ſhift it a little backward or forward in the But, 
eye, ſo as to adapt its focal diſtance at the bottom bedeme 
of the eye to the different diſtances of objects; eye Wh 
without which proviſion, we could fee only theſe coats ff 
objects diſtinctly, that were all at one diſtance from humou 
the eye. wry | 2 ind ho 
Art the back of the chryſtalline,. lies the vitreous you wi 
bumour K K, which is tranſparent like glaſs, and is dine 
largeſt of all in quantity, filling the whole orb of Why t 
the eye, and giving it a globular ſhape. It is much mw 
and 2. 


of a conſiſtence with the white of an egg, andvery | un 
| the rea 


percen' 
ae pa 
ſeſpec 
proſpt 
being 


politi 


power of water. 3 

As every point of an object ABC ſends out rays 
in all directions, ſome rays from every point on the 
ſide next the eye will fall upon the cornea, between 


and 


s S Ww | "MP — * 059 
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and pupil of the eye, 'they will be converged to as 


nany points on the retina or bottom of the eye, 


nd. will thereon form a diſtinct inverted picture 


e of the object. Thus, the pencil of rays gr, 
hat flows from the point A of the object, will be con- 
rerged to the point @ on the retina ; thoſe from the 
point B will be converged to the point 5; thoſe 
from the point C will be converged to the point 4, 
1nd fo of all the intermediate points; by which 
means the whole image abc is formed, and the ob- 
ect made viſible; although it muſt be owned, that 
he method by which this ſenſation is carried from 
the eye by the optic nerve to the common ſenſory 
in the brain, and there diſcerned, is above the 
reach of our comprehenſion. . 

But, that viſion 1s, effected in this manner, may 
be demonſtrated experimentally. Take a bullock's 
gje whilſt it is freſh, and having cut off the three 
coats from the back part, quite to the vitreous 
tumour, put a piece of white paper over that part, 
ind hold the eye towards any bright object, and 
jou will ſee an inverted picture of it upon the paper. 

dince the image is inverted, many have wondered 
viy the object appears upright. But we are to 
conhider, 1. that inverted is only a relative term; 
and 2. that there is à very great difference between 


the real object and the means or image by which we 


perceive it, When all the parts of a diſtant proſpect 
re painted upon the retina, they are all right with 
elyect to one another, as well as the parts of the 
proſpect itfelf ; and we can only judge of an object's 
being inverted, when it is turned reverſe to its natural 
Flition with refpect to other objests which we ſee 

. and 
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and compare it with.—If we lay hold of an w 


right ſtick in the dark, we can tell which is % 


upper or lower part of it, by moving our hu 


upward or downward ; and know very well that x. 


cannot feel the upper end by moving our han 


downward. Juſt ſo we find by experience, thy 
upon direfting our eyes towards a tall object, w 


cannot ſee its top by turning our eyes downwar, 


nor its foot by turning our eyes upward ; but mu 
trace the object the ſame way by the eye toſei 


from head to foot, as we do by the hand to fed 


it: and as the judgment is informed by the motion 
of the hand in one caſe, fo it is alſo by the moi 


of the eye in the other. \ 


In Fig. 4. is exhibited the manner of ſeeing the 
ſame object ABC, by both the eyes D and EA 
„ 
When any part of, the image abc falls upon 
the optic nerve. L, the correſponding part of the 
object becomes inviſible. On which account, na. 
ture has wiſely placed the optic nerve of each eye 
not in the middle of the bottom of the eye, but 
towards the ſide next the noſe: ſo that, whatever 
part of the image falls upon the optic nerve of one 
eye, may not fall upon the optic nerve of the other, 
Thus, the point @ of the image abc, falls upon 
the optic nerve of the eye D, but not of the eye 
E; and the point c falls upon the optic nerve of 


the eye E, but not of the eye D: and therefore, to 


both eyes taken together, the whole object ABC's 
viſible. 


The nearer that any object is to the eye, the 


| Larger is the angle under which it is ſeen, and the 


magnitude 
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| ggnitide under which it appears.” Thus to the 9 
e D, the object A5 is ſeen under the an gle PlateXVIL, 
Ply and its irhage 25 is very large upoti the . 
: But to the eye E at a double diſtance, the 
ach ect is ſeen under the angle Ap C, which is 
qual ay to half the angle APC, as is evident by 
he figure. | The image "a be is likewiſe twice as 
Lrge in the eye P, 48 thei image abt is in the eye 
la both theſe repreſentations, a part of the 
image falls on the optic nerve, and the __ in 
e correſponding part is inviſible. 
As the ſenſe of ſeeing is allowed to enn, 
by the impulſe of the rays from the viſible object 
pon the retina of the eye, and forming the 
image of the object thereon,” and that the retina 
x only the expablion of the optic nervt all over the 
choroides; it ſhould ſeem ſurpriſing, that the part 
of the image which falls on the nerve ſhould render 
te like part of the object inviſible ; eſpecially, as 
the nerve is allowed to be the inſtrument by which 
de impulſe and image are conveyed to the common 
{nfory in the brain. But this difficulty vaniſhes, 
when we conſider that there is an artery within tùhe 
trunk of che optic nerve, which entirely obſcures 
the image in chat Fart and en no ſenſation to 
the brain. Rf . 
That Apr &f the image whichy falls apot the $ 
middle of the optic nerve is loſt, and conſequently 
the correſponding part of the object rendered invi- 
lble, is plain by experiment. For, if à perſon 
fixes three patches A, B, C, upon a white wall, at the Fig. . 
lt of . and the diftance of about a foot 


OF from 


ang the ke 

the patches Aud 

C. b will diſappear. 05 if 
35 f ſhuts Ho fe — and directs the right toward, 
£4, he will fee both 4 and C, but B will dapper; 

and if he drestg his eye towards B, he will fee boy 
J and A. hut not C. For whatever patch is d. 
| rectly oppoſits to the optic nerve N vaniſhes. Thi 

requires a little practice, after which. he will fudit 

_ eaſy to direct his eye ſo, 4 tO loſe the lehre 
Vhatever patch be pleaſes. 

Wos ae not commonly ſenfible of, this difap 
pearance, beesuſß the motions of the eye ae b 
quick and inſtantaneous, chat we.no. ſooner loſe the 
bght of any part of an object, than we. recover i 
again; much the fame ag in the twinkling gf our 

eyes, for at each twinkling we are blinded; .buti 

ö Ry OF: e fares 05 


Pi 4 * | 2 aff | 

| fs fo. make them ſee objeds diftinly, andothen 

of concave; If either the cornea abc of chryllale 

SI = or both,of. them, be. too, flat, un in 

Why fo che eye A. their focus vill not been ie a 
2 ” at d, where it ought to be, in order to render viſion 

diſtinct; but beyond the eye, as, at f. And therefore, 

thoſe rays. which flow, from the object Ci and pab | 

5 through the humours of the eye, are not converge 

ed enough. to unite at 4 ñ and therefore the ob: 

ſſerver can have but a very indiſtinct view of ts 

Of W Thu * W by. Placing 2 wy: 
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6 i. — tr vocals, of cliryſt 
ih of them; be too convex,” 2s in the eye B, thie 
unt tat enter it from the object C, will be vol } 


ere, 
gb bebre uses which makes the raps cbt 
1 Kg! * mage duly Mo ho 


mn bmi, & 


jb 


god ta a focus in the vitreoùs humour, as at T; 

ud by diverging from” thenct to tha retina, will 

form a very confuſed image therebn : and, ſo f 

wirſe;” the obſerver will have as confuſed a view . 

be object as if his eye had been toa flat. This in- 

convenience is remedied by placing 4 contave glaſs 

jb defore the eye; 'which glaſs, by cauſing the rays 

diverge between it and the eye; lengthens the fo 

al diſtance ſo; chat if the glaſs be properly choſeri, 

the tays will unite at the retina, and form 4 diftinet 

titure'of the object upon it. 

duch eyes as have their burriours of a ; due 

wexity; Lannot ſee any object diſtinctly at a leſd 

litance than fix inches; and there are numberleſt. 

dect tos ſmall co be ſeen at that diſtance, becauſe 

hey canner” appear under any ſenſible angle. The 

tthod of ſueh minute objects is by 3 

mirſcope;, of which there ate three ſorts, vi. the 

* the double, and the lar. 
"The /ngle microſcoße is only a ſmall convex « glaſs; Fig. 5+ 

nei having the object ab placed in its focus, and 


| ths eye at the ſame diſtance on the other fide ; that 


tie rays of each penell, flowing from every point of 

the object on the fide” next the glaſs, may go on 
patiet'to' the eye, after paſſing through the glals; The v 
va by” entering the w_ at C, they will be 
converged. © 
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5 converged to as many different pennt on the retina, 


Fig. 6. 


the glaſs cd than its principal focus,” ſo that the 
pencils of rays flowing from- the different 


. 


croſſed each other in the pupil, and paſſed'through 


luæarge inverted image AB thereon. 
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and form a urge Wande 'pikbre: AY upon it, 1 
in the figure. 

T 0o find how mbch "this glaſs magic, avid 
che leaſt diſtance (Which is about ſix inches) at 
which an object can be ſeen diſtinctly with the bar 
eye, by the focal diſtance of the glaſs; and the 
quotient will ſhew how- err the glaſs magriſi | 
the diameter of the object. 

The double or compound eee eb of an 
object. glaſs cd, and an eye-glaſs ef. The fmall | 
object ab is placed at a little greater diſtante from 


of 
the object, and paſſing through the 8417 be 
made to converge, and unite in as mary points be- 
tween g and h, where the image of the object vil 
be formed: vhich image is viewed by the eye through 
the eye-glaſs e f. For the eye · glaſs being ſo placed, 
that the image g h may be in its focus, and the eye 
much about the ſame diſtance on the other ſide; the | 
rays of each pencil will be patallel, after going out of 
the eye: glaſs, as at e and 7, till they come to the eye 
at k, where they will begin to converge by the te. 
fractive power of the humours; and after having 


the chryſtalline and vitreous humours, they will be | 
collected into points on the retina, and wu 1 


The magnifying power of this nicpultope 1s 2 
follows. Suppoſe the image g b, to be ſix times the 
Eoftagice of the object ab iro the objedt- * j 


6 61 the image — times the length of the. 
dyn: but ſince the image could not be fern. 
itintly by the bare eye at a leſs diſtance than ſix 
aches, if it be viewed by an eyerglaſß ef, of one 
ich focus, it will thereby be brought ſix. times 
rut the eye 3. and conſequently viewed under an 
gle. ſix times as large as before; ſo that it will 
x again-rnagnified. fix times; that is, ſix times by 
te object glaſs, and ſix times by the eye · glaſs 3 
nch multiplied into one another make 36 times: 
ul ſo much is the object magnified in diameter, 
me than what it appears to the bare eye; 15 | 
wlequently 36 timer 0% or a times 


fn 


| But, becauſe hes extent, or field. of view is very e 
mall-in this microſcope, there are generally two 
qe-glaſſes, placed ſametimes cloſe together, and 
kmetimes-an inch aſunder; by which means, al- 
though the object appears leſs magnified, yet the 
ible area is much enlarged by the interpoſition of 
ſecond - eye-glaſs.z. and conſequently; a much 
pleaſanter view is obtained. | 
| The ſolar microſcope, invented by Dr. Litherkbun, wm. 
vconſtruſted; in the following manner. Having ; 
eured a very dark room, let a round hole be made 
.the window · ſnutter, about three inches diameter, 
lrough / which the ſun may caſt a cylinder of rays 
A into the room. In this hole, place the end of The I 
i tube; containing two canvex glaſſes and an object, c- * 
W 1+ A convex glaſa a 4, of about two 8 
lumeter, and three inches focal diſtance, is. to he 
paced. in chat end of the tube which is pur into 


2 3 the 
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* ſuppoſe the diſtance of rhe ohject from the glals 


ef m 

the hols. 2. The object 5% being put bets 
two glaſſes (which muſt be concave to hold it u 
liberty) ia placed about w Äw inches and an half 
from the glaſs az. g. A little more than a | 
of an inch from the ohject, is. Placed the ſmall 
convex plals oe, "whos n diftance i in a quante 
of an inen. 

The tube may be ry placed, when: tho fun is 
low, that his rays AA may enter directly into it: 
but when he is high, his rays: B muſt be n- 
flected into the tube by the yon mirrour I 
glaſs CC. 

Things being thus prepared; the N that enter 
the tube will be conveyed by the glaſs 4a towards 
the object hb, by which means it will be ſirong}y 
itumipated';, and the rays 4 which: flow from it, 
through the convex 'glaſs cc, will make a large 
inverted picture of the object at DD, which, be- 
ing received on a white paper, will repreſent the 
object ' magnified in length, in proportion of the 
diſtance of the picture from the glaſs c, to the 
diſtance of the object from the * glafs. Thus, 


to be 4+; parts of an inch; and the diſtance of the 
diſtinct picture to be 12 feet or 144 inches, in 
which there are 1440 tenths of an inch y and this 

number divided by 3 tenthb, gives 480; which is 


dhe number of times the picture is longer or broader 


"than the object: and the length multiplied by ths 
| breadth thews ww att a= RR 1 we 
nk wn If ; 
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Of oprieti 
 Befote/ we enter -upuh the deſcription of teles 
topes, it will be proper to ſhew how the rays * 


igt are affected by paſſing through” concave Slate 
ind by falling upon eoncave mitrodurs. 


When parallel rays, as abedefgb, paß dan p. 3 m. 


brough a glaſs AB, which it equally contave on 8 
both fides, they wil -Qiverge after paſſing through 
he glaſs, as if they had come from a radiant point 
, in the center of che glaſs's coneavity; which 


urg is called the negative or virtual focus of the 


Thus, the ray a, after paſſing . 
905 AB, will go on in the direction &, as H it 
had proceeded from the point C, and no gfafs:in 
the way. The ray 3 will go on in the dection 


n the ray c in the ditection op, Ge. The ray 


C, that falls directly upon the middle of the glaſtʒ 


ers no refraction in paſſing through it; but 


poes on in the ſame rectilineal Nr as H 
gal hed bern in 16 way. LT” 55 


If the glaſs had been concave only Od one — 
and the — fide quite plane, the "rays would. 
have diverged, after paſſing through it, as if the7ß 
had come from a ridtant point at deuble the di- 


ſtance of C from the glaſs; * is, as if the radiaut 


had been at the ſtance of « whole diameter „ 
Poe 


Trays come tore gg to Ach A dun 


the als's cohcaviry;” * 


than parallel rays diverge after paſſing through ic; 
they will contirmue to converge after paſſing through 
it; but will not meet ſo on as if no glass had 
bern in che ay: and wil incltne tewalth the fin 
kde to which they would have . n 

Q 4 had 


8 * 
0 74 
AS 
s -% 
* 


ag e come e parallel to the glaſs. Thus, tas An f 


0 
; . "Bs SS | \\ 


9 


of opties. 


and 5, going in a. converging ſtate | towards the 
edge of the glaſs at B, and converging more in their 


N Leaf toit than the parallel rays diverge alter paſſing 
1 hs | ugh it, they will £9 on converging after they 
- * paſs throvgh it; though in a leſs degree than they 


did before, and will meet at J: but, if no gal 
had been in their way, they would have met at i. 


85 „ When Parallel rays, as df a, Cmb, els, fall upon 


4 * 

1 
. 
FO -4 
= 


8: concave, mirrour AB (which is not tt 


bot has only the ſurface AbB of a clear poliſh) 


they will be reflected back from that mirrour; and 


meet in a point n, at at half the diſtance of the ſur- 
face of the mirrour from C, the center. of its 


concavity : for they will be reflected. at 43, great 
an angle from a perpendicular to the ſurſace of the 


mirrour, as they fell upon it, with regard to that | 


perpendicular; but on the other ſide thereof, 


Thus, let C be the center of concavity. of the 


mifrour AbB, and let the parallel rays dn ook 
and ec, fall upon it at the points 4, ö, and 


Draw the lines Cia, Cmb, and Che, .from. the | 
center C to theſe points; all which will be perpen 
dicular to the ſurface of the mirrour, 1 they 
proceed thereto like ſo many radii or ſpokes from 

its center. Make the angle Cab equal to the an- 


gle'daC,' and draw the line amb, which vill be 


the direction of the ray df a, after it is reflected 
From the point of the mirrour : ſo that the angle 
of incidence da C, 1s equal to the angle of re» 
flection Cab; the rays making equal angles with 


che e Ci 14 en. 0 rene hges. 


0 


Pra 


. of 1 q 
Draw alſo the perpendicular Cc to the pine 
where” the ray ele touches the mirrour; and, 
wing matle the angle Cci equal to the angle Cee, 
du the line e, which will be the courſe of a 
ray le, after it is reflected from the mirrour. 
be ray Cm paſſing through the center of con- 
of the mirrour, and falling upon it at 5, ig 
perpendicular to: it; and is therefore refleQed: back | 
om it in the ſame line Imo 

All theſe reflected rays meet in the point w3 and 
in that point the image of the body which emits 
te parallel rays da, Ch, and ec, will be formed : 
which. point is diſtant from the mirrour a8 to 
half the radius þmC of its concavi tx. 

The rays which proceed from any celeſtial — 
N be eſteemed parallel at the earth; and 
therefore, the · images of. that. object will be formed 
x m, when the reflecting ſurface of the | concave 
nirrour is turned directly towards the object. 
Hence, the focus m of parallel rays is not in the 
center of the mirrour's concavity, but half 2P 
between the mirrour and that center. 
The rays which proceed from any remote terret⸗ | 
des are nearly parallel at the mirrour 5 900 : 

o, hut come diverging tq it, in ſeparats 

wt or, as it were, hundles of rays, from each | 
point of the ſide of the object next the mirrour - 
nd therefore they will not be converged to. a point, 

t the diſtance of half the radius of the mirrour's 
| *Mavity from its refleing ſurface; but into ſe- 
Kate points at a little greater diſtance from tho 
. | And the nearer the object is to the mir- 


rour, 


aaa i Sn dg a fn Yao Rhea a =” GG + A, 


.> 
— 4 


does, de farther thels points will be-from it; dn 
in them an inverted image of the object will bo 


the ſame points where the foreſaid rays touch it; 


r D of the upright object DE. 


Let Ac B̃ be the reflecting ſurface of ce 
_ Whoſe center. of concavity is at C; and let the up- 
right object DE be placed beyond the center (, 


tao avoid confuſion, we only u. n, 19 7 of . 


and draw the right line Bd for the courſe of the 
reflected ray DB. All theſe. reflected rays wil 


| Of ui 


farmed, which will ſoem to hang pendent in th 
air; and will be ſeen by an eye placed beyond : 


(with regard to the mirrour) in all —_ is 125 
ohect, and as diſtinct as the object itſelf. 


and ſend out a conical pencil or bundle of diverg- 


ing rays from its upper extremity D, to every point 
of the concave ſurface of the mirrour Ar B. But 


pencil; as DA, Dr, DB. 

From the center of conciviity 0. er dhe "M 
naht. lines CA, Cc, CB, touching the mitrour in 
and all theſe lines will be perpendicular to the ſu 
face of the mirrour. Make the angle C 44, equal 
to the angle D AC, and draw the right line Ad for 
the courſe of the reflected ray DA: make the ans 
gle Ccd equal. to the angle De C, and draw the 
right line cd for the courſe of the reflected ray Dd: 
make alſo the angle C Bd equal to the angle DBG, 


meet in the point d, where they will form the er 
tremity d of the inverted image ed, . 


If the pencil of rays Efg 5 be alſo contin 
to the mirrour, and their angles of reflection from 


il * made equal to their angles of incidence mw 
| J 


1 tu in che former het 2 , they will alt 
bert at e by reflection, and form the extremity @ 
rien ſimilar do che r 10 — * 
ok Ae ear need of tas Qs 
hetween D and E, ſends out à pencil of rays in 
ike manner to every point of the mirrour, the 
ns of each pencil will be reflected back from ity 
ind meet in as many intermediate points between 
be entremitios v and d of the image; and ſo the 
whole image will be formed, not at i, half the 
diftance of the mirrour from its center of conca- 
rity L; but nt à greater diſtance, between i and 
de object DE: and the 1 . will A 
uitk reſpect to the object. 

Tbis being well underſtoad, the reader will only 
fe how the image is formed by the large concave 
nicrour of the reflocting teleſeope. when roo n 
u tie defcriptzab af that ĩaſtrument. t 
When the object is mare remote Bae et 
uur han its center of concavity C, the image will 
u heſs than the objedt, and hetween tho alyedt and 
tirrour: When the object ts{nearer than the center 
i concavity, the image will be more remote und 
bigger than-the obicebt thus, if DA be the ob- 
Id, rd wilb be its image; hut if ed be the-bbjeft 
NE vill be its image 3 for, as the ubject recedes 
rom the mirrour, the image approaches vearer ta 
t; and. as tha chiect appetriches nearer to the mir- 


. j 
1 A. 


K I I 7 


:. 0 = 
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er · 


nur, the: image racedes farther: from it; on account 
rom ef the leſſer or greater divergeney af the pencils 
Pon a ys which proceed from the object: for, the 


leſs 


„ el. 1 

lefs — diverge, the ſooner they are converged to 
points by reflection; and the more they diverge; 
the Rocher they muſt be reflected before they meet. 
I the radius of the mirrour's concavity and the 
diſtance of the object from it be known, the dif. 
tance of the image from the mirrour is found by 
this rule; divide the product of the diſtance and | 

radius, by double the diſtance made leſs by the n. 
dius, and the quotient is the diſtance required, ' | 
If the object W in the cerſter: of fie minourb fre- 1 
£oncavity, the image ur 50 ect will be ae anoth 
and equal in bulk. eee before 
lf a man places kümſelf dell ue « lang Wy and f 
concave: mirrour, but farther from it than its center Wl be wo 
of concavity, he will ſee an inverted image of able 
the wa 
experir 
but w. 
0ught 1 


himſelf in the air; between him and the mirrour, 
of a leſs ſize than himſelf. And if he holds out 
his" hand towards the mirrour, the hand of the | 
image will come out towards his hand, and coin- 
eicle wich it, of an equal bulk, when his hand is 
in the center of concavity; and he will imagine 
ke may ſhake hands with his image. If he reaches 
his hand farther, the hand of the image will pals 
by his hand, and come between his hand and his 
body: and if he moves his hand towards either 
fide, the hand of the image will move towards the 
other; ſo that whatever way hw mo nen the 
—_ will move the con 

All the while a — will fre nothing of 
the image, becauſe none e of the reflected * that 
: form it enter bis is eyes. 1 06 | pen 


1 


0 ric, 

„eu besde in a lage rom, and a ſmooth 
mahogony table be placed at a good diſtance near 
the wall; before a large concave mirrour, ſo placed 
port light of the fire may be reflected from the © 
mirrour to its focus upon the table; if a perſon 
ſtands by —— he will ſee nothing upon it hut 


diſtance towards the fire, not ditectly between the 
fre — mirrour, he will ſee an image of the 
im upon the table, large and erect. And if 
mother perſon, who knows nothing of this matter 
before- hand, ſhould chance to come into the room, 
and ſhould look from the fite towards the table, 
he would be. ſtartled at the appearance; for the 
table would ſeem to be on fire, and by being near 
the wainſcot, to endanger the whole houſe. In this 
experiment, there ſhould be no light in the room 
but what proceeds from the fire; and the ie 
ought to be at leaſt fifteen inches in diameter. 


44 


I che fire be darkened by a ſcreen, and a large 


jerlan ſtanding by the candle will. ſee the appear: 
ance of a fine large ſtar, or rather planet, upon the 
able. as bright as Venus or Jupiter. And if a 
mall wax taper (whoſe flame is much leſs. than the 
lame, of the candle) be placed near the candle, 
i ſaellite to the planet will appear on the table; 
nd if the taper be moved round the candle, the 
latellice will 80 round the planet. bn. rin 410 5.7 
kor theſe two pleaſing. experiments, F am in · 
lebted to the reverend Dr. LONG, Loundess 
Th ut of TY at Cambridge, who fa- 

1 | voured 


z longiſh beam of light: but if he ſands. at a 


candle be placed at the back of the ſcreen; a 


0 


dure me with — of tbem, and wan thn 
of his curtous inventions. 


Fav . In a HeſPulning vob vpe, thi gut which is want 


the object in viewing ir, is called be „jeg gluß; 
and that which is neareſt the eye, is ealled 17 % 


gu. The object. glaſs muſt be convex, but the 


cuye-glaſs may be either conver of concave: and 


geherally in looking through a teleſcope, the ey 


i in the focus of che eye · glas; th db un 
very material: for the ' diſtafide of the eye, as to 
diſtinet viſion, is indifferent, pforiaed the rays of 


the pencils fall upon it parallel: only, the nearct 
the eye is to tbe end of the teleſcope, ande 
is the ſcope or area of the field of vicw. 5 
Lt cd be a conven glafs fixed in a long tube; 
and dave its focus at E. Then, à pencil of riy4 
gBi, flowing from the upper extremity A of thi 
remote object 4 B, will bs ſo refracted by piſſing 
through the glaſs,” as fo converge and meet in the 
point F; whilſt the peneil of rays In, flowing 
from the lower extremity B, of the ſame objet 
AB, and paffing through the glaſs, will converge 
and meet in the point e: and in theſe points f and 
e, che images of the points A and B will be formed. 
And as all the intermediate points of the object, 

between A anck B, ſend out pencils of rays in the 
ſame manner, à ſuffictent number of theſe pencils | 
will pafs through the obje&t-glaſs id, and cor. 
verge to as many ifteftficdivite — betaen 1d 
Fi and {6 will for rhe whole inverted image Ef, | 
of the diſtinet object. But becauſe this image i 
fmall, à concave- glafs #0, is ſo placed in the epd 


Sei 0 


of. * 
of the tube next che eye, that its virtual oc 
may be at F. And as the pencils of rayt paſs 

converging, through the concave glaſa, but cn 
verge leſs after paſſing through it than before, tax 

20 on further, as to 4 and, before twey merz 
— the pencils themſelves: being mage to divergr 
by. paſſing through the - concave. glaſs, they enter 
the eye, and form the large picture @6 upon the 
retina, whereon it is magnified under the angle + Fa. 

ut this teleſcope has one inconveniency which 
renders it unfit far moſt purpoſes, which ls, that 
the pencils of rays being made to diverge by paſling 
through the cancaye glaſs ns, very few! of them 
can enter the pupil of the eye; and- therefore! the 
field of view is; but very ſmall, as is evident by 
the ügure. For none of the pencils whichiflow 
ether from the, top or bottom of the object AB | 
gan enter the pupil of the eye at C, but are all ſtopt 1 
by. falling, upon the iris above and below the pupil: | 
and - vr hag only the middle part of the ohject 


[3 


* 
we” 


TX EX A249 r 


ing | 
5 an be ſeen when the teleſcope lies directly towards e 1 
ge b&, by means of thoſe rays which proceed from the _ 
ind WY niddleof the object. So that to ſee, the whole.of 
d, the teleſcope muſt be moved upwards and downs 

ect, vurds, unleſs. the object be very remote: and thes 

the ti never ſeen diſtinctiy. MP: 

cis WY This inconvenience is xemedied by ſubſtituting ah 3. 

on- convex eye - glaſe, as g b, in place of the concave 

and de; and fixing it fo in the tube, that its focus 

E/, N be coincident; with the focus of the object: 

es daß cd, as at E. For then, the rays: of the pet 


2. 4 
— 


% ning. kan de object 4B, and paſſing 
| 8 through 


2s to fill the whole ſpace Cmep D. 


of get. 
- through the obje&t-glaſs cd, will meet in its focus, 
and form the inverted image Ep: and as the 
image is formed in the focus of the eye-glaſs z, 
the rays of each pencil will be parallel, after paſſing 
through that glaſs; but the pencils theniſehny will 
croſs in its focus on the other ſide; as at e: and 
the pupil of the eye being in this focus, the image 
will be viewed through the glaſs, under the ang 
geb; and being at E, it will eee magnified, 6 


But, as this teleſcope inverts the 1 image with re- 
ſweat to the object, it gives an unpleaſant view of 
terreſtrial objects; and is only fit for viewing the 
heavenly bodies, in which we regard not their po- 
ſition, becauſe their being inverted does not appear, 
on account of their being round. But whatever 
way the object ſeems to move, this teleſcope muſt | 
de moved the contrary way, in order to keep light 
of it; for, ſince che dee is — Wonen 
Vit be ſo too 3% 
 The' magnifying power of this teleſesps! is, 26 
the focal diſtance of the object-glaſs to the focal 
diſtance of the eye-glaſs. Therefore, if the formet 
be divided by the latter, the > page ge will * 2 
the magnifying power. 

When we ſpeak of the magnifying'6f a 4 
or microſcope, it is only meant with regard to the 
diameter, not the area nor ſolidity of the object. 
But as the inſtrument magnifies the vertical diame- 
ter, as much as it does the horizontal, it is eaſy to 
find how much the whole viſible area or ſurface is 


magnified : for, if the diameters be multiplied 5 


5 e 

4 other; che product will expreſs the magni- 
ation-of the whole viſible area. . Thus, ſuppoſe. 
js focal; diſtance of the objedt-glaſs be ten times 


ict a teleſcope, as it does to the bare eye. 


de would be nothing. * 5 
eg degree, provided it be of a ſufficient length. 


it of an eye-glaſs, whoſe focal diſtance is little 
re than 2 inches; which will magnify near 48 


1 nie an eye-glaſs ſomewhat more than 6 inches; 
d will therefore magnify almoſt 200 times. 


6 conſtructed, as to ſhew them in their natural 


| three  eye-glaſſes /, g b, ik, ſo placed, that 


ne- il WW bſtance between any two, which are neareſt to 
W may be equal to the ſum of their focal 


ee as in the figure, where the focus of the 


pgreat as the focal diſtance of the eye-glaſs,, then, 
3 Will be magnified ten times, both in ; 
and breadth: and 10 multiplied by 10, pro- 
a 100; which ſhews, that the area of the ob- 
* appear 100 times as big when ben through 0 


Hence it appears, that if the focal diſtance of | 
ey&-glaſs were equal to the focal diſtance of 


3 the magnifying een ae tes 
Thi teleſcope may be — to mani in any. 
t, the greater the focal diſtance of the object- 
6, the leſs may be the focal diſtance of the eye - 


6; though not directly in proportion. Thus, 
i obje@t-glaſs, of 10 feet focal diſtance, will ad- 


but an object · glaſs, of 100 feet focus, will 


A teleſcope for viewing terreſtrial objects, ſhould 


ture. And this is done by one objeCt-glaſs cd, Fig. & 


1 and ef meet at F, thoſe of the glaſſes ef 
R 


and 


— p —Nèß— ,,,, — — — — — 23 — - . — 
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Of tit 


| and g B, meet at TA and of gb and 2 at m; the 


eye being at u, in ar near the focus. of the eye. 
glaſs iꝶ, on the other ſide. Then, it is plain, tha 
theſe pencils of rays, which flow from the objech 
AB, and paſs through the object-glaſs cd, wil 
meet and form an inverted image CF in the fo- 
cus of that glaſs 3 and the image being alſo in the 
focus of the glaſs ef, the rays of the pencils wil 
become parallel, after paſſing through that glaſs, 
and croſs in its oppoſite focus at I/; from whence 
they paſs on to the next glaſs gh, and by going 


through it they are conyerged to points in its other 


focus, where they form an erect image Em F, of 
the object AB : and as this image is alſo in the 
focus of the eye-glaſs ik, and the eye on the op- 


poſite fide of the ſame glaſs; the image is viewed 


through the eye glaſs in this teleſcope, in the ſame 
manner as through the eye-glaſs in the former one; 


only in a contrary poſition, that is, in the ſame 


poſition with the object. 


” 


The three glaſſes next the eye, have all thei 


focal diſtances equal: and the magnifying power 
of this teleſcope, is found the ſame way as that 


of the laſt above; viz. by dividing the focal dil: 


| tance of the object- glaſs cd, by the focal diſtance 


Why the 
object ap- 
ears cO- 

oured 
when ſee 3 | 
3 thoſe rays which paſs through a convex- glaſs, near 


teleſcope. 


of the eye-glaſs ik, or gh, or ef, ſince all, theſe 


three are equal. 


When the rays of light are ſeparated by re: 
fraction, they become coloured, and if they be 
united again, they will be a perfect white. But 


its edges, are more unequally refracted than 11 
| | : whic 


Of optics. 20 


the ch are nearer: the middle of the glaſs. And 
eye · i wen the rays of any pencil are epa re- 
tha faded by the glaſs, they do not all meet again in 


bjedſi de and the ſame; point, but in ſeparate points; 
wil wich makes the image indiſtinct, and coloured, 
e fo. bout its edges. The remedy is, to have a plate 
n the ih a ſmall round hole in its middle, fixed in the 
s Wl ade at m, parallel to the glaſſes. For, the wan 
glals,B king rays about the edges of the glaſſes will be 
hence fopt, by the plate, from coming to the eye; and 
going me admitted but thoſe which come through the 

other nadle of the glaſs, or at leaſt at a good diſtance | 
E, ol dom its edges, and paſs through the hole in the | 
n the riddle of the plate. But this circumſcribes the 
e op. nage, and leſſens the field of view, which would 
iewell k much larger if the plate could be diſpenſed with. | 


| 'The great inconvenience attending the manage- 
oneißg rent of long teleſcopes of this kind, has brought 

em much into diſuſe ever ſince the reflecting te. The re- 
lebe was invented. For one of this ſort, fixe. 5 2 | 
neut tet in length, magnifies. as much as one of the. © 
POO aher an hundred. It was invented by Sir Jaac 
8 tha Newton, but has received conſiderable im prove- 
ul dis rents fince his time; and is now generally con- =_ 
ſtanceſſ futed in the following manner, which was firſt ö | 
| thel Fopoſed by Dr. Gregory. 

At the bottom of the great tube 777 T, is 


V tei faced the large concave mirrour DUY F, whoſe Fig. 2. 


0 Nncipal focus is at m; and in its middle is a round 
- ule P, oppoſite to which i is placed the ſmall mir- 
cok ur L, concaye toward the great one; and ſo 


ich ited. and a ſtrong wire M, that it may be moved 
* Vrch os farther 


O optics. 
farther from the great mirrour, or nearer to it, by 
means of a long ſcrew on. the outſide of the tube, 
keeping its axis ſtill in the fame line Pu with tha mn 
of the great one. Now, . ſince in viewing a very 4 
remote object, we can ſcarce ſee a point of it but ip 1 
what is at leaſt as broad as the great mirrour, we * 
may conſider the rays of each pencil, which floy loft 
from every point of the object, to be parallel to 
each other, and to cover the whole reflecting ſur. 
face NUY F. But to avoid confuſion in the figure, 
we ſhall only draw two rays of a pencil flowing 
from each extremity of the object into the great 
tube, and trace their progreſs, through all their 
reflections and refractions, to the eye f, at the end 


of the ſmall tube 77, which is joined to the great 1 1 
. 3 . tteir 1 
Loet us then ſuppoſe the object AB to be at ſuch Wl 1... 

a diſtance, that the rays C may flow from its lower Wl He! 
extremity B, and the rays E from its upper extre- tow f 
mity A. Then, the rays C falling parallel upon I uwe. 
the great mirrour at D, will be thence reflected ner 
converging, in the direction DG; and by croffing Bl ill b 
at J in the principal focus of the mirrour, they mage 
will form the upper extremity J of the inverted I fh 
image 7K, ſimilar to the lower extremity B of the BY ner 
object AB: and paſſing on to the concave mirrout N dhe 
L (whoſe focus is at u) they will fall upon it atg, kagni 
and be thence reflected converging, in the direction BY in 
g MN, becauſe gm is ſhorter than gu; and paſſing I nal 


through the hole P in the. large mirrour, they 
| would meet ſomewhere about r, and form the lower 
extremity 5 of the erect image 4b, ſimilar . K 
ak ne) | we 


07 optICs. 

ger extremity B of the object AB. But by 
uſing through the plano-convex glaſs R in their 
nay, they form that extremity of the image at 5. 
h like manner, the rays E, which come from the 
bp of the object AB, and fall parallel upon the 

t mirrour at F, are thence reflected converging 
pits focus, where they form the lower extremity 
[of the inverted image 7K, ſimilar to the upper 
auemity A of the object AB; and thence paſſing 
n to the ſmall mirrour L, and falling upon it at 
j they are thence reflected in the converging ſtate 
j0; and going on through the hole P of the great 
nirrour,, they would meet © ſomewhere about q, and 
frm there the upper extremity a of the erect image 
4, ſimilar to the upper extremity A of the object 
13: but by paſſing through the convex-glaſs R in 
tteir way, they meet and croſs ſooner, as at à, 
where that point of the erect image is formed. — 
ower BY The like being underſtood of all thoſe rays which 


tte; for from the intermediate points of the object, 
u ktween A and B, and enter the tube 77; all the 
* itermediate points of the image between à and 5 
bra fill be formed: and the rays paſſing an from the 
bon Mage, through the eye-glaſs 8, and through a 
þ rr wall hole e in the end of the leſſer tube 7, they 


ater the eye , which ſees the image ab (by means 
i the eye-glafs) under the large angle ced, and 
tgnified in length, under that angle, from c to d. 

In the beſt reflecting teleſcopes, the focus of che 
nll mirrour is. never coincident with the focus # 
© the great one, where the firſt image IK is 
«ned, but a little beyond it (with reſpect to the 


„ . 
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eye) as at : the conſequence of which is, that 
the rays of the pencils will not be parallel after 
reflection from the ſmall mirrour, but converge ſo 
as to meet in points about g, e, r; where they would 
form a larger upright image than ab, if the glak 
R was not in their way : and this image might he 
viewed by means of a ſingle eye-glaſs properly 
placed between the image and the. eye: but then 
the field of view would be leſs, and conſequentl 
not ſo pleaſant ; for which reaſon, the glaſs R i; 
ſtill retained, to enlarge the ſcope or area of the 
field. VVV 

To find the magnifying power of this teleſcope, 
multiply the focal diſtance of the great mirrour 

by the diſtance of the ſmall mirrour from the 
image next the eye, and multiply the focal dif 
tance of the ſmall mirrour by the focal diſtance 
of the eye-glaſs: then, divide the product of the 
former multiplication by the product of the latter, 
and the quotient will expreſs the magnifying 
power. s Ho 

I ſhall here ſet down the dimenſions of one 0 
Mr. Short's reflecting teleſcopes, as it is men. 
tioned in Dr. Smith's optics. 

The focal diſtance of the great mirrour 90 
inches, its breadth 2.3 ; the focal diſtance of the 
ſmall mirrour 1.5, its breadth 0.6 ; the breadth 0 
the hole in the great mirrour 0.5 ; the diſtance be- 
tween the ſmall mirrour and the next eye-glab 
14:2; the diſtance between the two eye- glaſſes 2.4 

the focal diſtance. of the eye-glaſs next the _=_ 
99 5 | ILY | | 3 1 
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- of diet 
8 and the focal diſtances of the . = 


the eye 11. 
One great advantage by the tefleRing Waere 


z, that it will admit of an eye-glaſs of a much ; 


horter focal diſtance; than a. refracting teleſcope 


jill; and, conſequently, it will magnify ſo much 


the more: for the: rays are not coloured by re- 
feftion from a concave mirrour, if it be ground 
pa true figure, as they are by paſſing through a 
convex-glaſs, let it be ground ever ſo true. 

The adjuſting ſcrew on the outſide of the great 
the fits this teleſcope. to all ſorts of eyes, by bring - 
ng the ſmall mirrour either nearer to the eye, or 
xmoving it farther.: by which means, the rays are 
nade to diverge a little for ſhort ſighted eyes, or 
v converge for. thoſe of a long fight. - 


nore its pencils of rays: will diverge before they 
{all upon the great mirrour, and therefore they 
nll be the longer of meeting in points after re- 


ta greater diſtance from the large mirrour, when 
tte object is near the teleſcope, than when it is very 
remote, But as this image muſt be formed far- 


(us z, this mirrour muſt be always ſet at a greater 
lſtance from the large one, in viewing near ob- 
bet, than in viewing remote ones. And this is 
done by turning the ſcrew on the outſide of the 


PIR (or rather i its- image) appears perfect... 
— . Pg. < | mnt wot In 


fv . ue, tro 
n 


D 


The nearer an object is to the teleſcope, 4. 
lection; ſo that the firſt image IK will be formed 


ber from the ſmall mirrour than its principal fo- 


% until the ſmall mirrour be ſo adjuſted, that 
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6 In locking through any teleſcope: towards an 
object, we never ſee the object itſelf, but only that 
miwage of it which is formed next the eye in the 
teleſcope. For, if a man holds his finger or 4 
ſtick between his bare eye and an object, it will 
hide part (if not the whole) of the object from his 
view. But if he ties a ſtick acroſs the mouth oſ 
a teleſcope, before the object · glaſs, it will hide no 
part of the imaginary object he ſaw through the 
teleſcope before, unleſs it covers the whole mouth 
of the tube: the only effect it will have, is, to 
make the object appear dimmer, becauſe it inter. 
cepts part of the rays. Whereas, if he puts only | 
nz piece of wire acroſs the inſide of the tube, be 
tween the eye-glaſs and his eye, it will hide part 
of the object which he thinks he fees: which 
1 proves that he ſees not the real object, but its I 
= image. This is alſo confirmed by means of the | 
ſmall mirrour L, in the reflecting teleſcope, which 
is made of opake metal, and ſtands directly be- 
tween the eye and the object towards which the 
teleſcope is turned: and will hide the whole object 
from the eye at e, if the two glaſſes R and & are 
taken out of the tube. © x 
Plate XIX. The multiplying glafs is made by grinding 
75 7-4; down the round fide- bi t of à convex glaſs 4B, 


thing glaf. into ſeveral flat ſurfaces, as bb, Bd, dk. An 
object C will. not appear magnified, when ſeen | 
through this glas, by the eye at Hz but it vill 
appear multiplied into as many different objects s 

the glaſs contains plane ſurfaces. For, ſince s 


will flow from the object C to all parts 2 


of way 

gas, and each plane ſurface will refradt theſe-rays 

v be eye; the ſame object will appear to the eye; 
a the direction of the rays which enter it through 
ach ſurface. - Thus, a ray gi, falling perpenc! - 
cularly on the middle ſurface, will go through the 
zan to the eye without ſuffering any refraction : 
ud will therefore ſhow: the object in its true place 
it C: whilſt a ray ab flowing from the ſame ob- 
jeſt, and falling obliquely on the plane ſurface h, 
nil be refracted in the direction he, by paſſing 
through the glaſs; and upon leaving it, will go 
n to the eye in the direction e H; which will cauſe 
the ſame object C to appear alſo at E, in the di- 
ation of the ray He, produced in the right line 
Hen. And the ray cd, flowing from the object 
(, and falling obliquely on the plane ſurface dk, 
vil be refraRted-(by paſſing through the glaſs and 
laving it at F) to the eye at H; which will cauſe 
the fame object to appear at D, in the direction 
Un If the glaſs be turned round the line g H. 

1 an axis, the object C wilt keep its-place, becauſe 
the ſurface 47d: is not removed; but all the other | 
dbje&s will ſeem ta go round C, becauſe the ob- 
ique planes, on which the rays a, ed fall, will go 
wund by the turning of the glaſs. 

The l made by a convex FE 
eb, placed in a hole of a window-ſhutter. Then, e- 
f the room be darkened fo, as no light can enter 
but what comes through the glaſs, the pictures of 
ll the objects (ax fields, trees, buildings, men, 
attle, Fc.) on the outſide, will be ſheun in an 
ereed order, on a white paper 

the 


beautiful and perfect piece of perſpective or land- 


of rays flowing from the outward: objects, and 


rour, will be reflected upwards from it, and meet 


the images may be eaſily drawn with a black lead 


ſo as to adjuſt the diſtance of that glaſs from the 


| | Of optics.” 
the focus of the glaſs: and will afford 2 moſt 


ſcape of whatever is before the glaſs'z Poems if 
the ſun. ſhines upon the objects. 

If the convex glaſs CD be Mw in a tube · in 
che ſide of a ſquare box, within which is the plane 
mirrour EF, reclining backwards in an angle of 


45 degrees from the perpendicular kg; the pencils 
paſſing through the convex · glaſs to the plane mir- 


in points as I and & (at the ſame diſtance that they 
would have met at H and G, if no mirrour had 
been in the way) and will form the aforeſaid ima- 
ges on an oiled paper ſtretched horizontally in the 
direction IK; on which paper, the out- lines of 


pencil; and then copied on a clean ſheet, and co- 
loured by art, as the objects themſelves are by na- 
ture. In this machine, it is uſual to place a plane 
glaſs unpoliſhed, in the horizontal ſituation IA, 
which glaſs receives the images of the outward ob- 
Jets; and their out-lines may be traced, upon it | 
by a black lead pencil. 
VM. B. The tube in which the annealed CD 
is fixed, muſt be made to draw out, or. puſh in, 


plane mirrour, in proportion to the diſtance of 
the outward objects; which the operator does, un- 
til he ſees their images en painted on the ho- 
rizontal Ch at *. . 20 = 


o wies 


o we forming a horizontal image, as IR, of an 
4. ght object 4B, depends upon the angles of 
if des of the rays upon the plane mirrour EF, 


king equal to their angles of reflection from it. 
For, if a perpendicular be ſuppoſed to be dran 
p the ſurface of the plane mirrour at e, where the 


- 4 Ce falls upon it, that ray will be reflected 
ils WY werds in an equal angle with the other ſide of 
nd he perpendicular, in the line ed J. Again, if 2 
ir- | perpendicylar be drawn to the mirrour from the 
cet pont f, where the ray Alf falls upon it, that ray 
ey al be reflected in an equal angle from the other 
ad ide of the perpendicular, in the line FI. And 
u- i: perpendicular be drawn from the point g. 
the where the ray Aeg falls upon the mirrour, that 
of vill be reflected in an equal angle from the 
ad aher fide of the perpendicular, in the line gil. 
c0- o that all the rays of the pencil a bc, flowing from 
na- the upper extremity. of the object AB, and paſſing - 
ane hrough the convex-glaſs CD, to the plane mir: 
K, put EF, vill be reflected from the mirrour, and 
ob- net at I, where: they will form the extremity I of 
it de image IK, ſimilar to the extremity A of the 
je& AB. The like is to be underſtood of the 
5 pencil 476, flowing from the lower extremity: of 
in, de object A B, and meeting at K (after reflection 
the om the plane mirrour) the rays. form the ex- 
of Wi tiemity K of the image, ſimilar to the extremity 
un- of the object: and ſo of all the pencils that 
ho- bor from the intermediate points of the obe o 


de mirrour, through the convex glaſs, "5 oa 
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"1 52 O optics. 
| Theoera- If a convex-glaſs, of a ſhort focal diſtance, be 
5400. placed near the plane mirrour, in a ſhort tube, and 
2 convex-glaſs be placed in a hole in the fide of 
the tube, ſo as the image may be formed 
the laſt mentioned convex- glaſs, and the pl 
rour; ; 'the image being viewed through this NN 
will appear magnified. —In this manner, the era. 
Zlaſſes are conſtructed; with which a gentleman 
may look at any lady at a diſtance 1 in che company, 
and the lady know nothing of it. 
The com- The i image of any object that is placed before a 
0. plane mirrour, appears as big to the eye as the ob. 
ject itſelf; and is erect, diſtin, and ſeemingly 
as far behind the mirrour, as the object is before 
it: and that part of the mirrour, which reflects 
the image of the object to the eye, (the eye being 
ſuppoſed equally ' diſtant from the glaſs with the 
object) is juſt half as long and half as broad as the 
Fig. 3. object itſelf. Let AB be an object placed before 
the reflecting ' ſurface gb; of the plane mirrour| 
CD; and let the eye be at o. Let Ab be a ray of 
1 light flowing from the top 4 of the object, and 
falling upon the mirrour at þ; and bm: be a per- 
. pendicular to the ſurface of the mirrour at b: the 
ray Ab will be reflected from the mirrour to the 
eye at o, making an angle h equal to the angle 
Abm: then will the top of the image E appear to 
the eye in the direction of the reflected ray „ 
produced to E, where the right line Ap E, fm 
the top of the object, cuts the right line E, 4 
E. Let Bi bea ray of light proceeding from the | 
foot of the object at B to  xhe mirrour at i; and 


11 


* ——— — — 
* 


Of geit, : 233 
U perpendicular to the mirrour from the elt, e 
lere the ray Ni falls upon it: this ray will be re- 
kfted in the line zo, making an angle ni o, equal 
o the angle Bing, with that perpendicular, and en- 
ning the eye at o: then will the foot F of the 
mage; appear in the direction of the reflected ray 
i, proddiced to F, where the right line BF cuts 
te reflected ray produced to F. All the other 
n that flow from the intermediate points of the 
9 45, and fall upon the mirrour between 5 
adi, will be reflected to the eye at 03 and all the 
urtmediate points of the ji image EF will appear 
ohe eye in the direction of theſe reflected rays 
wduced. But all the rays that flow from the ob- 
x and fall upon the mirrour above 5, will be 
rected back above the eye at o; and all the rays 
tut law from the object, and fall upon the mir- 
ur below i, will be reflected Back below the eye 
to: ſo that none of the rays that fall above 12 
t below i, can be reflected to the eye at o; and 
te diſtance between b and 7 is equal to half the | 
agth of the object A B. Ty 
Hence it appears, that if a man ſees his whole Amanwil 
nige in a plane looking-glaſs, the part of the image ; in a 
jak that reflects his image muſt be juſt half 2 ape 
lag and half as broad as himſelf; let him ſtand cha % bet 
1 any diſtance from it whatever: and that bat 
wge muſt appear juſt, as far behind the glaſs as 
eis before it. : Thus, the man AB Viewing him- Fig. 4- 
Hin the plane mirrour CD, which is juſt, half 
b as himſelf, ſees his whole image as at EF, 

the glaſs, _ equal to his own ſize. 

Fon, 


3 Of optics. 

For, a ray AC, proceeding from his eye at 4 
and falling perpendicularly upon the ſurface of the 
glaſs at C, is reflected back to his eye in the ſame 
line CA; and the eye of his image will appear at 
E, in the ſame line produced to E, beyond the 
glaſs. And a ray BD, flowing from his foot, and] 
falling obliquely on the glaſs at D, will by re- 
flected as obliquely on the other ſide of the per- 
pendicular 25 D, in the direction DA; and the 
foot of his image will appear at F, in the direction 
of the reflected ray I D, produced to F, where it 
is cut by the right line BGF, drawn parallel to 
the right line ACE. Juſt the ſame as if the ylaſs 
were taken away, and a real man ſtood at F, equal 
in ſize to the man ſtanding at B: for to his eye 
at A, the eye of the other man at E would be ſeen 
in the direction of the line 4C E; and the foot of 
the man at F would be ſeen by che e A, in the 
direction of the line DFF. 

If the glaſs be brought nearer the man 4B, as 
pad to ch, he will ſee his image as at CDG: 
for the reflected ray CA (being perpendicular to| 
the glaſs) will ſhew the eye of the image as at C; 
and the incident ray Bb, being reflected in the line 
5 A, will ſhew the foot of his image as at G; the 
angle of reflection ab A being always equal to the 


x angle of incidence BD: and fo of all the inter- 


mediate rays from A to B. Hence, if the man 


Az advances towards the 'glaſs CD, his image will 


approach towards it; and if he recedes from the 
glaſs, his image will alſo recede from it. 


dne 
Having already ſhewn, that the rays of Bebe 


xſtacted when they paſs obliquely through different 
nediums, we come now to prove that ſome rays 
re more refracted than others; and that, as they 
xe differently refracted, they excite in our minds 


de ideas of different colours. This will account 


far the colours ſeen about the edges of the images 
«thoſe objects which are viewed chraugh tele 


| Bi 0) ©; 7 N 
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let the ſun ſhine into a dark room through a Fig. 5. 
mall hole, as at ee, in a vindow- ſhutter ; and 
pace a triangular 
in ſuch a manner, that the beam may fall ob- The riß. 
lquely on one of the ſides a C of the priſm. 
The rays will, ſuffer different refractions by paſſing 


priſm BC. in the beam of rays 


trough che priſm, ſo that inſtead of going all out 
i it on the ſide de C, in one direction, they will 
won from it in the different directions repreſented 
the lines f,g, b, i, &, I. m, u; and falling upon 
he oppoſite ſide of the room, or on a white paper 
Jlaced-as. at pg, to receive them, they will paint 
pon it a ſeries; of moſt beautiful lively colours 
hot to de equalled by art) in this order, viz. thoſe 


Wich are leaſt. refracted by the priſm, and will The can 
| terefore, go on between the lines u and my will be? . 


Ha yery bright intenſe red at u, degenerating from 
hence gradually into an orange colour, as they 
e nearer the line : the next will be of a fine 
mange colour at m, and from thence degenerate 
7 a yellow colour towards 1: at I they will be 
a fine yellow, which will incline towards a 
Rn, more and more, as they are nearer and 
aer, 


vbearef E: at l they will be a pure green; bit fron 


c excite the idea of à ſtrong 
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thence towards i they will incline-gradually to a 
| blue : at i they will be a perfect blue, inclining to 
an indigo- colour, from thence towards bh: at þ 
will be quite the colour of indigo, which vill gra- 
dually change towards a violet, the nearer they 
are to g: and at g they will be of a fine violet 
colour; which will incline gradually to a red, the 
nearer _ are to h where the coloared image 
f end- N 1485 1 | 

"There is not an equal AR rays a n 
of theſe colours; for, if the oblong image pq be. 
divided into 360 equal parts, the red ſpace R vill 


yellow 7% 48; the green G, 60; the blue B, 60 
the indigo I, 40; and the violet V/, 80: all which 
ſpaces are as nearly proportioned in the * as 
che ſmall ſpace 9p would admit of. 
Ik all theſe colours be blended together agai 
they will make a pure white; as is proved thus, 
Take away the paper on which the colours pq fell, 
and place a large convex-glaſe D in the rays f, g., 
&c. which will refract them ſo, as to make them 
unite and croſs each other at V: and if 4 white 
paper be placed there to receive them, they vill 
lively white. But if 
te paper be placed” farther from the glaſs, a5 it 
_ Fs, the different colours will appear again upon it, 
in an inverted order, occaſioned: by the n 
at N. ä 
As white * bed of all colours, 0 
lack is a privation of them all, and, * 
properly no colour. 


d concentric circles: be drawn ona Grioath Fig. 6. 
ay Wand: ABCDEFG, and the outermoſt of 
aum divided into 360 equal parts or degrees: 
den, draw ſeven right lines, as © A, © B, &c. 
ham, the center to the outermoſt circle, making 
de ines OA and O include 80 degrees of that 
ade; the lines © B and O C 40 degrees; G C 
ad OD 60 © D and © E 60; OE and o F 483 
Fand O G 27; ©G and © A 45. Then, be- 
wen theſe two circles, paint the ſpace AG. red, 


iclining to Orange near G; GF orange, inclining 
bee yellow near F; FE yellow, inclining to green 


tu E; ED green, inclining : to blue near D; 


the e blue, inclining to indigo near C; CB indigo. 
603 Whiclning to violet near B; and BA violet, in- 


dining to a ſoft red near 4. This done, paint all Al the 
tat part of the board black which lies within the?riimatc 
ner circle; and putting an axis through the.cen= blended tos, 
trof. the board, let it be turned very ſwiftly round Fate 
lut axis, ſo as the rays proceeding from the ee. 
glours, may be all blended and mixt together in 

ding to the eye; and then, the whole — | 

wt will appear like a white ring, a little greyiſn; 

u perfectly n boraule no anlowe: en 1 

nue perfect. 

«Any of theſe ) — e a and: mink. 

un be made by mixing together the two, contigu- 

W priſmatic colours. Thus, yellow i is made by: 
Wing together a due proportion of orange ancl 
deen; and green may ad made NP a ere 
* blue. tte ONE 


238 | Of apties,” 
All bodies appear of that colour, whoſe, 1. 
they reflect moſt; as a body appears red hen is 
reflects moſt of the red- making rays, and abforhy 

| the veſt 5, 1 3 Near Wis" 
Tranſpa- Any two or mote colours that are quite tranſps. 
cus be, Tent by themſelves, become opake when put to 
come opake gether. 2 Thus, if warer or ſpirits of wine be tinged 
"ker. red, and put in a phial, every objekt ſeen 
ttrough it will appear red; becauſe it lets onh 
the red tays paſs through it, and ſtops all the reſt 
IF water or ſpirits be tinged blue, and put in: 
phial, all objects ſeen through it will appear blu 
becauſe it tranſmits only the blue rays, and ſtops 
all the reſt. But if theſe two phials are held cloſe 
together, ſo as both of them may be between the 
eye and object, the object will no more be ſeen 
through them than through a plate of metal; ſor 
WPhatever rays are tranſmitted through the fluid in 
5 the phial next the object, are ſtopped by that in 
the phial next the eye. In this experiment, the 
phials ought not to be round, but ſquare; becauſe 
nothing but the light itſelf can be ſeen through 2 
round tranſparent body, at any diſtance. 
As the rays of light ſuffer different degrees of 
refraction by paſſing obliquely through a priſm, ur 
through a convex-glaſs,. and are thereby ſeparated! 
into all the ſeven original or primary colours; ſo 
they allo. ſuffer different degrees of refraction by 
paſſing through drops of falling rain; and then, | 
being reflected towards the eye, from the ſides of 
theſe drops which are fartheſt from the eye, and 
again refracted by paſſing out of theſe drops _- 
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* in which refracted directions they come The a. 
the eye 3 they make all the colours to appear — 
(the form of a' fine arch in the un 2 
called the rain-bow. 988 
There are always two rain-bows ſeen wahrer, Fig. 7. 
he interior of which is formed by the rays ab, 
hich falling upon the upper part &, of the drop 
id, are refracted into the line 56 1 they enter 
de drop, and are reflected from the back of it at 
; inthe line cd, and then, by paſſing out of the 
top into air, they are again refracted at d; and 
kom thence they paſs on to the eye at e: ſo that 
pform the interior bow, the rays ſuffer two re- 
an eee 
xc 
The exterior bot is de by rays which ſuf⸗ 
| two reflections, and two refractions; which is 
le occaſion of its being leſs vivid than the inte- 
jor, and alſo of its colours being inverted with 
thþe& to thoſe of the interior. For, when a Fig. 2. 
ab, falls upon the lower part of the drop bcde, = 
ts refrated into the direction bc by entering the 
WF and paſſing on to the back of the drop at 
; itis thence reflected in the line cd, in which di- 
Kon it is impoſſible for it to enter the eye at fo 
kt by being again reflected from the point 4 of 
le drop, it goes on in the drop to e, where it 
kiſes out of the drop into the air, and is there re- 
Red downward to Lance in hy ror nts A 
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The arenen and uſe of the mee and armill 


ae, ok at 


i} 
The ter- JF ar a map of the world' be accurately delinea of 10 
2 ſpherical ball, it will be a true repreſen; i © 
globe. on a 1p erica all, 1 W epre enta he hea 
5 tion of the earth: for the higheſt hills are. ſo in 1 00 

conſiderable with reſpect to the bulk of the earth hg 
that they take off no more from its roundneſs, than A Fa 
grains of ſand do from the roundneſs of a common ard 
globe; for the diameter of the earth j is $000 miles, by 1 
in round numbers, and no known kill upon it To ; 
1s three miles in perpendicular height. hace, 
Proof of © That the earth is ſpherical, or round like beſts 
the earth's 8. 1. f. caſting round ſhado F 
"ae leg. globe, appears, 1. from its ca a "gy 
þulir. * upon the moon, whatever fide be turned towards * ſ 
her when ſhe is eclipſed. 2. From its having been 1 
ſailed round by ſeveral perſons. 3. From our ſees 4. 6 
ing the farther, the higher we ſtand. 4. Fm z. pl; 
our ſeeing the maſts of 'a ſhip, whilſt the hull i Les 
hid by the convexity of the water. « the 
And tat it The attractive power of the earth draws all ter 5 
2 * an reſtrial bodies towards its center; as is evident from f aig 
| if . the deſcent of heavy bodies in lines perpendicul "Wy 
without, to the earth's ſurface, at the places whereon the) "yg? 
ny one's - the Ki 
being in fall; even when they are thrown off from tan 
falling * earth on oppoſite ſides, and conſequently, in op- pea 
away from poſite directions. So chat the earth may be com- Magi 
it. f ſteel ji; Of 
pared to a great magnet rolled in filings of ſteel any 


which attracts and keeps them equally hs 
ſiurfacz 


| Of- 7 the heavens a and the ear b. La 
brface on all. ſides: | Hehce, as all terreſtrial bo- 5 
les are attracted toward the earth's center, they 
an be 1 in na danger of falling from the earth on any ae Hit Tat 
qne part, or ſide of the earth, more than from any, 
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her. 2 

The 84 or ay £ nds the whole earth: U and 
ud when we ſpeak of ap or down, . We mean only 
ich regard to ourſelves; for no point, either in 
be heaven, or on the ſutfack of the earth, 1 18 17 
x below, but only with relpect to us. Abd let us 
upon. what part of the earth we will, we i 
ith our feet toward its center, and our heads 
ward the {ky : and ſo we fay, it is up toward the 
kj, and down toward the center of the earth. 

To an obſerver placed any where in an indefinite Al > 
hace, where there i 1s nothing to limit his view, all ven ot 
chects that are very remote appear equally diſtant equally 
fom him; and ſeem to be placed | in a vaſt con- 
are ſphere, of which his eye is the center. Every 
ronomer can demonſtrate, that the moon is 
much nearer to us than the ſun is; That ſome of 

he planets are ſometimes _ nearer to us, and ſome- 
imes farther from us, than the ſun ; that others 
« them never come ſo near us as "the ſun always 

ö that the remoteſt planet 1 in our ſyſtem, is be- 
Wy compariſon nearet to us than any of tlle fixed 
lars ite; and that it is highly probable” ſome ſtats | 
we, in a manner, infinitel more diſtant from us 
ban others. And yet, a all theſe celeſtial ob) ecks 
pear equally diſtant from us. "Therefore, if we 
Wagine a large hollow ſphere of glaſs, to have as 
1 golden ſtuds fixed to its inſide, as there are 
EET ſtats 


ill 


eated 
ſents 
o in 

earth, 
than 
mo | 
miles, 
on it 


262 ' Of the heavens and the earth. 
| The face of ſtars viſible in the heavens, and theſe ſtuds to hy 
the hen" of different magnitudes, and placed at the fame 
repreſented angular diſtances from each other as the ſtar 
dme. are; it will be a juſt repreſentation of the ftary 
. heavens, to an eye ſuppoſed to be in its center, and 
viewing it all around. And if a ſmall globe, wit 
a map of the earth upon it, be placed on an ars 
in the center of this ſtarry, ſphere, and the ſphere 
be made to turn round on this axis, it will repr- 
ſent the apparent motion of 1 the heavens round the 
earth. 1 . 
If a great circle be ſo drawn upon this ſphere, 
as to divide it into two equal parts, or hemiſpheres, 
alk. and the plane of the circle be perpendicular to the 
4 00: axis of the ſphere, this will repreſent the ei 
"* noial circle, which divides the heaven into two 
equal parts, called the zorthern and the ſoutbem 
hemiſpheres ; and every point of that circle will be 
equally, diſtant from the poles, or ends of the axis 
in the ſphere. That pole which is in the middle 
The poles, of the northern hemiſphere, will be called the north} 
pPaaoole of the ſphere, and that which is in the middle 
of the ſouthern hemiſphere, the ſouth pole. 
| If another great circle be drawn upon the] 
ſphere, in ſuch a manner as to cut the equinoRial 
at an angle of 23 degrees; in two oppolite 
points, it will repreſent the ecliptic, or circle 
of the ſun's apparent annual motion: one half of 
which is on the north ſide of the equinoctial, and 
the other half on the ſouth. ET hs 
If a large ſtud be made to move eaſtward in this | 
ecliptic, in ſuch a manner as to go quite round g | 


The 
eclip! ic „ 


0 the hequens. and the wad 

; the time that the [ ſphere. is tuthed round 

ul, 366 tines upon ita axid; this ſtud: will tepfwr - 
fat the am, changing his place every day a 22800 = The fon 
un of the: ecliptic!;; and going round weſtward; | 
the fame way as the ſtam do; but with a motion 
b much Nower than the mation of the ſtats, that they 
gil make 366 revolutions about · the axis of the 
ſphere; in the time that the ſun makes only 365. 
boring one half of theſe revolutions, the ſun will 
teen the north ſide of the equinoctial; during the 
other. half, on the ſouth; and at the __ 55 os 
uf, in the equinoctial. 

Hf we ſuppoſe the nevieſtria XY in this ma- The earthy 
tine, to be about one inch in diameter, and the 
diameter of the ſtarry ſphere to be about five or 
ix feet; a ſmall inſect on the globe would fee only 
z very little portion of its ſurface.z but would fee 
ne half of the ſtarry ſphere ; the convexity. of 
the globe hiding the other half from his view. If 
he ſphere be turned weſtward round the globe, 
ad the inſect could judge of the appearances which 
nie from that motion, he would ſee ſome ſtars The appa- 
filing to his view in the eaſtern ſide of the ſphere, —— hen. 
milſt others were ſetting from his view on the vens. 
weſtern; but as all the ſtars are fixed to the ſphere, 
tte ſame ſtars would always riſe in the ſame points 
of his view on the eaſt ſide, and ſet in the ſame 
Joints of his view on the weſt ſide. With the ſun 
t would be otherwiſe, becauſe the ſun is not fixed to 
ny point of the ſphere, but moves flowly along 
u oblique circle in it. And if the inſect ſhould 
lk towards the ſouth, and call that point of the 

1 globe, 


- . 1 globe, where the 
Ps... cut it on the left ſide, the eaſt point; and when 
it cuts the globe on the right ſide, the weft point; 


Neere, 


_ , eaſt, and ſer north of the weſt, for 1824 reyoly. 


be the ſame, if the ſtarry ſphere ſtood Mill," (the 
Jun only moving in the ecliptic) and the earthly 
globe were turned round the axis of the ſphere 
eaſtward. For, as the inſect would be carried round 


earthly globe, and it is but a dimenſionleſs point 


Whether the earth be at reſt, and the heaven turns 
round it, or the heaven be at reſt, and the earth 


the ſame. And, becauſe the heaven is ſo im- 


dl u, We may imagine as many circles deſcribed upon 


of te beavens and the earth. 
equinoctial in che ſphete ſeems 


che Rttle animal would fee the ſun riſe: north of thel 


tions z after which, for as many more, the ſun 

would riſe ſouth of the eaſt, and ſet ſouth of the 
"tt And in the whole 365 revolutions, the ſun 
would riſe only twice in the eaſt point, and ſet 
twice in the weſt, All theſe appearances would 


with the globe, he would be quite inſenſible of its 
motion; and the ſun and an weuld appear to 
move weſtward. 


Mie are but very ſmall We RN" witht our 


compared with the magnitude of the ſtarry heavens. 


turns round, the appearance to us will be exactly 


menſely large, in compariſon of the earth, we ſee 
one half of the heaven as well from the earth's | 


ſurface, as we could do from its center. 


the earth as we pleaſe; and we may imagine the 


plane of any circle, deſcribed upon the earth, to Wl I 
be continued until it marks a circle in the Concave 1 


ſphere of the heavens. n 
5 The 
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e horizon is either ſenſible. or rational. Tha The bori- 
horizon is that circle which a man, ſtanding 

won a large plain, obſetves:to' terminate his view 

il around, where the heaven and earth ſeem to 
beet. The plane of our ſenſible horizon conti- 
wed to the heaven, divides it into two hemi- 
ſpheres 3 one viſible to Us: 0p; ont: hid by he 
convexity of the earth. 

The plane of the mee W is © tiipoſed 
pualle! to the plane of the ſenſible; to paſs through 
the center of the earth, and to be continued. to 
the heavens. - And although the plane of the ſen- 
ſble horizon touches the earth in the plane of the 
ſerver, yet its plane, and that of the rational 
torizon;” will ſeem--to coincide in the heavens, be- 
auſe the whole earth is but a pow N to 
le ſphere of the heavens. 

The earth being a ſpherical body, the en 
ir limit of our view, muſt nnen as we change 
our place. | 

- The poles of tbe rent; are thoſe two kiſs on Pater 
in urface in which its axis terminates. The one is 


aly alled the north pole, and the other the ſouth pole. 
im- The poles of the heaven, are the two Points in 
ler wich the earth's axis produced: terminates in the 
th's UH Peaven : fo that the nortb pole of the heaven is di- 


rtly over the north pole of the earth ; and the 
jth pole of the heaven is  diredthy over the fourk 
ole of the earth, 
| The eguator is a great ne upon the earth. Br. 
wery part of which is equally diſtant from either 
8 Aae poles. It divides the earth into two equal 


parts, 


26 N the heavens and the earth. 

wi, parts, called the northern and ſouthern bemiſpberg, 
If we ſuppoſe the plane of this cirele extended t 
the heaven, it will mark the equinoFial therein 
and divide the heaven into two equal parts, called 
the nortbern and Southern he miſ pheres of the hea 
vens. 

The ale of any place is a great circle 
| caſing through that place and the poles of the 
earth. We may imagine as many ſuch meridians 

as we pleaſe, becauſe any place that is ever ſo little 
to the caſt or weſt of any other place, -muſt have 

a different meridian from it: for no one circle can 
paſs through _ two * 1 07 7 and the ou of 
the earth. 

The meridian off any plack- is divided by the 
poles, into two ſemicircles': that which paſſes 
through the place is called the geographical, or up- 
per meridian : and that which paſſes through the 

o ppoſite place, is called the lower meridian. 

— _s When the rotation of the earth brings the plane 
of the geographical meridian to the ſun, it is nn! 
or mid-day to that place z and when the lower me- 
ridian comes to the ſun, it is midnight. + 

All places lying under the ſame geographical 
meridian, have their noon at- the ſame time, and 
conſequently all the other hours. All thoſe places 
are faid to have the ſame /ongitude, becauſe no one 
of them lies either eaſtward or weſtward from 6 
of the reſt. 

Far cdu. If we imagine 24 ſendeincies; one of which is 
the geographical / meridian of a given place, to 


meet at the poles, and to divide che equator into 
24 
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j equal parts; each of theſe will come round ts 
bin in 24 hours, by the earth's equable' motion 
wind its axis in that time. And, as the eQuatot 
ontdins 360 degrees, there will de 15 degrees con- 
I vined between any two, of theſe emichele 7 on 
by neareſt to one another: for 24 times 1 
And as the eatth's motion is eaſfward, "he 
in's apparent motion will be weſtward, ar the rate | 
if 15 degrees each hour. Therefore, 
They whoſe geographical tmeridian is 15 degrees levis. 
award from us, have noon, and every other hour, 

a hour ſooner than we have. They whoſe 'meri- 
lian is 15 degrees weſtward from us, have hoon, 
ad eyery other hour, an hour later than we have : 
nd fo on in proportion, reckoning one bouf for 
ery 15 degrees. OT 

As the earth turns round its axis once in 24 

| kours, and ſhews itſelf all round to the ſan i in that 
ime; ſo it goes round the ſin once a yeur, in a 
meat circle called the ecliptic, which croſſes the Edlipti. 
quinoCtial | in two oppoſite points, making an an- 
ge of 234 degrees with the equinoCtial on each 
ide, So that one half of the ecliptic is in the 
htthern hemiſphere, and the other in the ſouthern. 
| contains 360 equal parts, called degrees, (as all 
uber circles do, whether great or ſmall) and as the 
earth goes Once round it every year, the fun will 
pear to do the ſame; changing his place almoſt 
degree, at a mean rate, every 24 hours. So that 
whatever place or degree of the ecliptic the earth 
kin, the ſun will appear in the oppoſite. And 
& one half of the ecliptic is on the north ſide of 

the 


Þ 


— 


| 
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- as follow ; beginning at that point of the ecliptic 
where it croſſes the equinoctial to the northward, 


Of the heavens and the earth, 


the equinoctial, and the other half on the ſouth . 
the fun, as ſeen from the earth, will be half! 11 
year on the ſouth ſide of the equinoRtial and half ing , 
a year on the north i and twice a year in the equi. 
noctial itſelf. 

The ecliptic i is divided by altronomers into 12 
equal parts, called /m, each ſign into 30 depres, 
and each degree into 60 minutes: but in uling the 
globes, we ſeldom want the ſun's place nearer than 
half a degree of the truth, 

The names and characters of the 1 12 RON ate 


ning 0 


and reckoning, eaſtward round to the ſame point Pet's 


again. And the days of the months on which the win 
ſetly « 
un now enters the ſigns, are ſet down below them. u ide 
Cx 16 Taurus, ea q Cancer, 1. Pap, buthe! 
8 i ant nib northe! 
. March, April, May, June, july, Auge, | inter 
20 5 21 Ys 21 1 milf 
Libra, ge, ou, C apricorn, * Piſs, WA 
„ WW 4 rr = x nel 
deptemb. Oftod. Novemb. Decemb, January, Feb- I uchi 
id 5044 3 22 22 2 * Win 
the ec 
= 8 on what day the ſun enters any Ri 
| lhe ot 
particular ſign, we may cally. find his place any locks 
day afterward, whilſt he is in that ſign, by reckon- bite 
ing a degree for a day : which will occaſion no er- * 
ror of conſequence i in uſing the globes. | Fi 
When the ſun is at the beginning of aries, be i Th 
in the equinoctial; and from chat time he declines 190 
northward e 


t, 


i 


1 
18 


; any 
any 


kon- 


10 er- 


he is 
clines 
ward 
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porthward every day, until he comes to the begin» 
jing of cancer, Which is 232 "degrees from the 


quinoCtial, | From thence he recedes ſouthward 


rery day, for half a year; in the middle of which 


ulf, he croſſes the equinoctial at the beginning of 
irs; and at the end of that half year, he is at 
iis greateſt ſouth declination, in the beginning of 


pricorn, which is alſo 23 degrees from the equi- ; 


tial, Then, he recedes northward from capri- 
om every day, for half a year; in the middle of 
which half, he croſſes the equinoctial at the begin- 
ing of aries; and at U end of it he arrives ak 
ner. 

The fun's motion in the ecliptic is not per- 
fly equable, for he continues eight days longer 
n the northern half of the ecliptic, than in the 
buthern : ſo that the ſummer half year, in the 
withern hemiſphere, is eight days longer than the 


vnter half year, and the contrary in the fouthern 
kniſphere. 


* 


The tropics are leſſer circles in the heavens, pa- Dt 


nllel to the equinoctial; one on each ſide of it, 


wuching the ecliptic in the points of its greateſt 
(&lination ; ſo that each tropic is 234 degrees from 


lhe equinoGtial, one on the north fide of it, and 
be other on the ſouth. The northern tropic 
louches the ecliptic at the beginning of cancer, the 
buthern, at the beginning of capricorn ; for which 
raſon, the former is called the tropic of cancers 
ud the latter the tropic of capricorn... 


The polar circles in the heavens, are Fey 232 Pole Gre. 
kes from the Poles, all around. That which * 


- 


. 


goes round the north pole, is called the argic di- 
cle, from 4gx@”, which ſignifies a bear; and there 
is. a conſtellation or groupe of ſtars near the north 
pole, which goes by that name. The ſouth polar 
circle, is called the antarctic circle, from its being 
oppolite to the arctic. 

The ecliptic,. tropics, and polar circles, are 
drawn upon the terreſtrial globe, as well as upon 
the celeſtial, But the ecliptic, being a great fixed 
circle in the heavens, cannot properly be ſaid to be- 
long to the terreſtrial globe; and is laid down upon 

it only for the conveniency of ſolving ſome pro- 
blems. 1 555 15 

In order to form a true idea of the earth's mo- 

tion round its axis every 24 hours, which is the 

cauſe of day and night; and of its motion in the 

ecliptic, round the ſun every year, which is the 

cauſe of the different lengths of days and nights, 

and viciſſitude of ſeaſons ; take the following me- 

thod, which will be both eaſy and pleaſant. 

An idea of Let a ſmall terreſtrial globe, of about 3 inches 

he kalen. qzameter, be ſuſpended by a long thread of twiſted 

Fk, fixt to its north pole: then, having placed a 

lighted candle on a table, to repreſent the ſun, in 

the center of a hoop of a large caſk, which may 

| repreſent the ecliptic, the hoop making an angle 

of 23% degrees with the plane of the table; hang 

the globe within the hoop, - near to it; and if 

the table be level, the equator of the globe will 

be parallel to the table, and the plane of the hoop 

will cut the equator at an angle of 237 degree; 

| fo that one half of the equator will be * the 


100 r 


wil eolighten.. one half of the globe, as the * | 
alohtens one half of the an. . _ 
uf is in the dark. EME | 
Things being thus prepared, twiſt 90 wand 
prards the left hand, that it may turn the globe 
ke ſame way by untwiſting; that is from weſt, 
V ſouth, to caſt. As the globe turns round its 
ais or thread, the different places on its: ſurface 
vil go regularly through, the light and dark; and 
me, as it were, an alternate return of day and 
tight in each rotation. As the globe continues to 
um round, and ſhew itſelf all around to the can- 
&, carry it lowly round the hoop by the thread, 
wm weſt, by ſouth, to eaſt; which is the way 
it the earth moves round the ſun, once a year, 
(the ecliptic : and you will ſee, that whilſt the 
obe continues.in the lower part of the hoop, the 
ale (being then north of the equator) will con- 
urthern places, which go through any part of the 
ak, will go through a leſs portion of it than 
key do of the light ; and the more ſo, the farther 
ey are from the equator : conſequently, their 
ware then longer than their nights. When the 
= comes to a point in the hoop, mid-way be· 
den the higheſt and loweſt points, the candle 
ul de directly over the equator, and enlighten the 
habe juſt from pole to pole; and then, every 
lar on the globe will go through equal portions 
* and darkneſs, as it turns round its axis; 
1 the day and night will be of 
5 equal 


f 


Of the heavens and the earth, 
equal length at all places upon iti" As the globe 
advances thence, toward the higheſt part of the 
hoop, the candle will be on the ſouth fide of the 
equator, ſhining farther and farther” round thel 
ſouth pole, as the globe riſes higher and higher in 
the hoop; leaving the north pole as much in dark. 
neſs*as' the ſouth pole is in the light, and making 
long days and ſhort nights on the ſouth ſide off 
the equator, and the contrary on the north ſide, 
whilſt the globe continues in the northern or higher 
ſide of the hoop: and when it comes to the high- 
eſt point, the days will be at the longeſt, and 
nights at the ſhorteſt, - in the ſouthern: hemiſphere; 
and the reverſe in the northern. As the globe ad- 
vances and deſcends in the hoop, the light will 
gradually recede from the ſouth pole, and approach 
towards the north pole, which will cauſe the 
northern days to lengthen, and the ſouthern days 
to ſhorten in the ſame proportion. When tell 
globe comes to the middle point, between the 
higheſt and loweſt points of the hoop, the candle 
will be over the equator, enlightening the globe 
juſt from pole to pole, when every place of the 
earth (except the poles) will go through equal por- 
tions of light and darkneſs; and conſequently, 
the day and night will be then equal, all over the 

And thus, at a very ſmall expence, one may 
have a delightful and demonſtrative viem of the 
cauſe of days and nights, with their gradual in 
creaſe and decreaſe in length, through the whole 
Pear; together with the viciſſitudes of ſpriag⸗ 

099-5, | ſummer 
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lumer, AVFVIDD, n eee 
gurſe of che earth round the fun. 
Lene iat ed ings'ta-oquel.y — . 
iu igns be marked.in order upon it, begindin 
u at th higheſt; point af the 


ung eaſtward (or contr 


ary to the — poea 
ing in of che ſun) ou will ſee how. the ſun appears 
pchange. his: place every. day in the ecliptic, 28 
i. globe. advances eaſtward. along che haop, and 
um round its own axis: and that when the earth 
— — the ſun maſt ap- 
ae high gn, an at concer, oppolite tothe 
— half of the. ecliptic, the —— 
abe vorthern half, ant] vice verſ# : that the far- 
In place is from che equator, between it and 
le polar circle, the greater is the difference be- 


lysen the longeſt. and ſhorteſt day at that place ; 
fe W that: the Peter have hut one Gy en 

dhe dike whole year. FF. ine 

de Tbeſe things premiſed, u dnl gooders bn the 


boi Uniption and uſe, of the terreſtrial globe, and 
Fr 


mo globe has the — * ind a water The e 
udonn upon it. the countries and kingdoms di- 44. # ceded 
Wed by dots, and coloured to diſtinguiſh them, 
.idands propetly ſituated, the rivers — princi- 
Amen inſerted, as truly as they have been at- 
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meridians, are laid down upon the globe in the 


into 12 ſigns, - and each ſign into 30 degrees, which 
are generally ſubdivided into halves, and into quar- 
ters if the globe is large. Each tropic is 234 de 


from it on each ſide, to the poles: theſe circles ard 


tenth degree of the equator, interſecting each other 


divides it into two equal paris, called the northers 


The terreſtrial globe deſeribed; 
The equator, ecliptic, tropics, polar, circles, b 


manner already deſcribed. The ecliptic is divided 


grees from the equator, and each polar circle 237 
degrees from its reſpective pole. Circles are drawn 
parallel to the equator, at every ten degrees diſtance 


called parallels of latitude. On large globes the 
are circles drawn perpendicularly. through every 


at the poles: but on globes of or under à foot 
diameter, they are only drawn through every fif- 
teenth degree of the equator : theſe circles are ge- 
nerally. called meridians; ſometimes circles of longi- 
tude, and at other times hour-circles.,” + 
The globe is hung in a braſs ring, called the 
braſen meridian ; and turns upon a wire in each 
pole, ſunk half its thickneſs into one ſide of the me- 
ridian- ring; by which means, that ſide of the 
ring divides the globe into two equal parts, called 
the eaſtern and weſtern hemiſpheres 3 as the equator. 


and ſouthern hemiſpheres. This ring is divided into 
360 equal parts or degrees, on the fide wherein the| 
axis of the globe turns. One half of theſe de- 


grees are numbered, and reckoned, from the equa- Wl miſter 
tor to the poles, where they end at 90: their uſe is ad m 
to ſhew the latitudes of. places. The degrees on G the 
de other half of the meridian- ring, ar are numbered w 4 


from 
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hom the poles to the : equator; where they end at 


th or ſouth pole above the horizon, according 
6 the latitude of any e as it is nortł or 
bach of the equator. Bat nan N e r 
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5: their uſe is to ſnhewy how to elevate either the 


The braſen meridian is let into two notehes made 
n+ broad flat ring,” called the wooden horizon,” the 
ner ſurface of which divides the globe into two 
qual parts, called the upper and lower bemiſpberes. 
(he notch is in che north point of the horizon, 
nd the other in the ſouth. - On this horizon, 
i ſeveral concentric circles, which contain 


ſte months and days of the year, the ſigns 


ind degrees anſwering to the ſun's place for each 
wnth"anid day, and the 32 points of the com- 
. Tho graduated ſide of the braſs meridian 
es toward the eaſt ſide of the horizon, and ſhould 
E generally kept toward the perſon who: ov ia 
foblems by the globes: Ve edt: 

There is à ſmall horary rel fo fined: to er 


the north pole of the globe is in the center 
# that circle ; and on the wire is an inder, which 
de over all tle 22 hours of the circle, as the 


ſobe is turned round its axis. Sometimes there 
two horary circles, one between each pole of 


te globe” and the braſen meridian; which is the 
antrwance of the ingenious Mr. Joſepb Harris, 


miſter of the aflay-office i in the Tower of London; 
very convenient for putting the poles 

de globe through the horizon, and for elevat- 
5 che pole to ſmall latitudes and declinations of 


* makes it 


I x ' T 2 . the 


unh part of the braſen meridian, chat the wire 


very little to refer to a figure of it; and ſhalt 


Directions 
for chooſ- 
ing of 
lobes. 


| laãd co thick upon the globe to hide the naines a: 


by moſt people, and upon the figure of which, in 


and meridiah, us. it vonveritently may 3 otherwiſe 
you will de 5 to find againſt ” 


Directions for bg aha 


che fun 4 which cannot be done where there is only 
one horary circle fixed to the outer edge of the 
braſen meridian.” _* 

There s 2 thin flip of btaſs, called the quadrant 
of altitude, which is divided into 90 equal part 
or degrees, maar exactly to 0 7 many degrees 
of the equator. It is occafionally fred ty the 
uppermoſt point of the braſen meridian, by a nut 
and ſcrew. The divifions end at the nut, and the 
quadrant is turned round upon it. 

The globe being a machine which has been ſten 


a plate, neither the circles, not countries, cat 
be properly expreſſed, we judge it would fignify 


therefore only give ſome directions how to chooſe 
a globe, and then deſcribe its uſe, _ ' 

1. See that the papers be well and nedtly paſted 
on the globes, which you may know, if the lines and 
circles thereon meet exactly, and contimie all the 
way even and whole z the cirtles not breaking into! 
ſeveral arches, nor the papers either i doch or 
lapping over one another 

2. See that the colours be tranſparent, 501 not 


Places. 
3. See that the globe hang evenly beteten the 
braſen meridian and the wooden hotizon z not in- 
clining either to one fide or to the othet; 

4. See that che lobe be as cloſe to the horizon 


pt of t the globe any degree of the meridian or 
horizon is. wo 

. See that the equinoAial llas be even EY the 
rien all around, when the north or ſouth pale 
zelevated go degrees above the horizon. U 

b. See that the equinoctial line cuts the horizon i in 
i eaft and weſt points, in all elevations of the pole, 
hom o to 99 degrees. | 
5. Ste that the degroes of he 99 meridian, 
poked with © and go, en. 
lil line af the globe. 
g. See that there be exactly: half of the bake 
"of tyra the horizon; which you may know, 
pu bring any of the decimal. diviſions on tlie 
reidian to the north point of the horizon, and 
ind. thejr-complement to 90 in the ſouth point. 

. See that when the quadrant of altitude is pla- 
al at the higheſt pgint of the braſen meridian, 


; 
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1 de beginning of the d 2 of the quadrant 
he bes guſt to che plane ſurface of the barizon. 


* See that whilſt the index of the hour-cir- 

& (by the motion of the globe) paſſes from one 
wir to another, 15 degrees of the eguator (paſs 
wider the graduated edge of the braſen meridian. 

18; doe that. the wooden horizap be wade ſub- 
beds! and ſtrong : it being generally obſerved, 
lat in moſt globes, the horizon is the firſt part 


ge „on Account of its having! been made too 


la uſing the glokes, keep he eaſt hae of the v 
kizon towards you (unleſs Four problem requires i 
© wining of it) ik fide yow may know. oy 

„ the 


; 4 
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the word -ExsT, upon the horizon: for then yon 


as 4p of the terreſirial 205. 


have the graduated fide of the meridian towards 
you, the qradrant of altitude before you, and the 
globe divided exactly into two "uy br by the 


graduated ſide of the meridian. The 
In working ſome problems, it will be. del of the « 
to turn the whole globe and horizon about, thai the 
you may look on the weſt ſide thereof; which tum. lt, a. 
ing will be apt to jog the ball fo, as to ſhift away be firſt 
that degree of the globe which was before * Guan, 
the horizon or meridian: to avoid which inconve. . iiian © 
nience, you may thruſt the feather- end of a quill ud of 
in between the ball of the globe and the braſen at fd 
meridian; which, without hurting the ball, ill one 
keep it from turning in the meridian, whilſt you II 
turn the weſt ſide of 325 horizon n you, | 
4 PROBLEM I. fie ln 
| 1 0 find the * latitude and + longitude m any bh 
. Place Pen, io e loot 
Turn * globe upon its axis, until the gen (ounte 
place comes exactly under that graduated ſide of an, 
the braſen 5 on Co the degrees ". ws 
| g numbered 0 18 
b 85 | | | | Which v. 
| 4 » The jattyds of a place i 18 its diſtance from the equator, pees, or 
and is north or ſouth, as the place is north or ſouth of the 


eguator. Thoſe who live at the equator have no > latitude, be 

Cauſe it is there that the latitude begins. | 
+ The longitude of a place i is the number of ae 
A eckoned upon the e chat the meridian of the % X 
place 


The uſe. of: the terreſtrial globes 


gre of the meridian the place then lies under; 
which is its latitude, north or ſouth, as the: Place 
+ north or ſouth of the equator, .\\ 

The globe remaining in this poſition, che degree 
o the equator, which is under the braſen meridian, 
the longitude of the place; which is eaſt or 
reſt, as the place lies on the eaſt or weſt ſide of 
he firſt meridian of the globe,—All the Atlantic 
(van, and America, is on the weſt ſide of the me- 


ud of Africa, together with all Alia, is on the 
alt ſide of the meridian of London, which is 
reckoned the firſt meridian of the 15 by the 
why geographers and aſtronomers. 


IS CRC ae 


find that Place on the globe. 


Look for the given longitude in the equator, 
(counted eaſtward, or weſtward from the firſt me- 
r as it is mentioned eaſt ar welt ; 90 and bring 


Much we reckon, either eaſtward or weſtward, for 180 de- 
ſees, or half round the globe. The Engliſh reckon .the 


den it from the meridian of Paris. The meridian of 
bit place, from which the longitude is reckoned, is called 


Wine, becauſe it 1s, there that e longitude begins. $5 
0 TS the 


umbered from the equator; and obſerve what 
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idian of London; and the greateſt part of Europe, 


ſie longitude and latitude of a place being given, to 


lie | is 2 — Tee” 8 91 any other place FSA, 4 
mgitude from the meridian of London, and the French now . 


ie meridin, The places upon this meridian have na 
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, 2. 6 ff thei Yeftrial globe 
the polnt of longirude zn the equator + to che bie 
meridian, on chat ſide which is above the ſouth! 

point of che horizon kxken count from the equator; 
on qhe braſen eee the —_ of latitude | 
as -the Aavitude | is — or — — that 
degree of lata on er- e- lies the Pac 
ae ; e BO 9 . 1 


b 


To | fr te 23 hel bre er . p 
een Zaum wy 700 an Places, 
"Bring ity plate to the brafen meridian; FA 
kat: its Jatitude is: the leſſer latitude ſubtracted 
from the greater, if both places are on the ſame} 
ſide of the equator, or both latitudes added toge- 
ther, if they are on different ſides of it, ih the 
difference of latitude required. And the number 
of Uegrees contained between theſe places, reckoned 
on the equator,” hen they are brought ſeparately 
under the braſen meridian,' is their differente o 
longitude ; if it be lefs than 180: but if mor, 
let it be ſubtracted from 360, and the remainder 
is the difference of longitude required. Or, 
Having brought one of the es to, the braſen 
meridian, and ſet the hour index to XII, turn the 
globe until the other place comes to the meridin, 
and the number of hours and parts of an hour, 
paſt over by the index, will give the longitude in 
time; which "may be eaſily reduced 3 
* oWINg! 
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ding W every hour; — 
orc * * A" 169 0 i 
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N. B. When we 5 ee 7 loc 
v the braſen meridian, e _n N = 
caps % 
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PROBLEM wy nns 


hy — being given, to. find all. thoſe FA that 
 bove 11 4 Jongitude or Latitude with 25 


** 


"Yi * given place to che braſen mend 
then all thoſe. places which lie under that fide an, 
de meridian, from pole to pole, have the Jame | 
kngitude with the given place. Turn the globe 

mund its amis, and all choſe places Which / paſs 
inder the fame degtee of the meridian that che 
given N does, have the farne latirede with that 
ace, 

' Since al latitudes | are nd 408 15 equa- 
tr, and all longitudes are reckoned from the firſt 
meridian, it is evident, that the point of the equa- 
or-which is cut by the firſt meridian, has neither 
laude nor longitude.— The grenteſt latirude can- 
nt exceed 90 degrees, becauſe no place is more 
than 90 ten from the equaror. And che preat- 
tt longitude cannot exceed 180 degrees, becauſe 
do Place is more. 8 180 ee "el the Ari 
meridian, ..,. ” 
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2 find be ®: antœci; + oa; and} tt, 
6:15 1 ly: ge e mens un 


Bring the given place to the niſi meridian, | 
and en found its latitude, keep the globe in 


_ that 


. Thee antari are thoſe ak hs. Fo on the yak me- 
ridian, and in equal latitudes, on different ſides of the equa+ 
tor. Being on the ſame meridian, they have che ſame hours; 
' that i is, when it is noon to the one, it is alſo noon to the | 
other, and when it is midnight to the one, it is alſo midnight 
to the other, &c. Being on different ſides of the equator, | 
they have different or oppoſite ſeaſons at the ſame time; the | 
length of any day to the one, is equal to the length of the 
night of that day to the other z and they have equal eleva· 
tions of the different poles, 

+ The perizci are thoſe people who tive on the ſame pa- 
rallel of latitude, but on oppoſite meridians : ſo that though 
their latitude be the ſame,” their longitude differs 180 degrees, 
By being in the ſame latitude, they have equal elevations of 
the ſame pole (for the elevation of the pole, is always equal 
tothe: latitude of the place), the ſame length of days or 
nights, and the ſame ſeaſons, But being on oppoſite meri | 
dians, when it is noon to the one, it is midnight to the qthes.. 

The antipodes are thoſe who live diametrically oppoſite 
to one another upon the globe, ſtanding with feet towards 
feet, on oppoſite meridians and parallels, Being on oppolit 
fides of the equator, they have oppoſite ſeaſons, winter | 
to one, when it is ſummer to the other; being equally diſtant 
from the equator, they have the contrary. poles equally 


Wen above che horizon; being on oppoſite 8 
| | wal | 


Tb % f ide terroſtrial glb. 

dat ſituation, and count the ſame number of de- 
of latitude from the equator towards the con- 
mary; pole, and where the reckoning ends, you 
have the antæci of the given place, upon the globes 
Thoſe who live at the equator have no antæci. 
The globe remaining in the fame poſition, ſet 
de hour index to the upper XII on the+horary 
crcle, and turn the globe until the index comes to 
de lower XII; then, the place which lies under 
de meridian, in the ſame latitude with the given 
place, is the periaci requ ired. Thoſe who live at 
the poles have no pericci. 

As the globe now ſtands, (with che index at he i 
byer XII,) the antipodes of the given place will . 
te under the ſame pay ab of. the, braſen meridian 
mhere_its antæci ſtood before. Bar "= K 
ſe yok way its s antipodes, nant 4 $ p — 
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PROBLEM WM | 


1 Ty the mare between any two e on «th 
8 lobe. | 
M 925 8 Leue 8 | 


* the 8 * of the dis, — ab 
ltude over both the places, and count the number 
of degrees intercepted between them on the qua- 
ent; | then 2 «8 theſe . by bo, and the 
d it is noon to the one, it muſt be midaight to the other z 
ind as the ſun recedes from the one when he approaches to 
the other, the length of the day to-one mult be equal to the 
2 of * night at me ſame time to the other, | 


Product 


* —— ————— 


Ne uſe of. the terrefirial gui 


product will give the diſtance in gcographicg | 
miles: but to find the diſtance in Engliſh miles, 

multiply the degrees by 694, and the product 
will be the number of miles required. Or, take 
the diſtance betwixt any two places with a pair of | 
compaſs, and: apply that extent to the equator, 

the number of degrees, intercepted. between the 
points of the compaſſes, is the diſtance in degrees 
of a great circle; which may be reduced gither 
„ or to A e mils, a} 
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Greatcirde, # Any 9355 that divides. the globe into. two el; parts 
is called a great circle, as the equator or meridian. Any 
tircle that divides the globe into two unequal parts, (which 

Leſſer circle, every parallel of Latitude does) is called a Ne circle, Now, | 
as every circle, whether great or ſmall,- contains 360 degree, 
and a degree upon the equator or meridian contains 60 geo- 
graphical miles, it is evident, that a degree of longitude upon | 
the equator, is longer than a degree of "Tongitude upon any I 
parallel of latitude, and muſt therefore contain 8 greats: | 
number of miles. 80 that, although all the degrees of la- 
titude are equally long upon an artificial globe, (though not 
preciſely ſo upon the earth itſelf) yet the degrees of longitude 
decreaſe in length, as the latitude increaſes, but vol in | 
the ame proportion. The following table bew the length | 
of a degree of longitude, in geographical miles, and hun- 
dredth parts of 2 mile, for every degree of latitude, fr 
the equator to the poles: a __ on * _— being * 
ene miles. | | | 
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PROBLEM: vn. 


nur en the globe being given, and its true diftonce 

from any other place, to find all the a re 
.the earth eubicb are at KR, . aer 
dan Place. 


Jing the given pl ace to Hh bake meridian 
ud ſcrew the quadrant of altitude to the meri- 
Wn, directly over that place; then keeping the 
job in chat e turn che quadrant quite 
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The uſe of the terre/irial-glbbs: 
round upon it, and the degree of the quadratt 
that touches the ſecond: place, will paſs over all the 
other places which are equally diſtant with it from 
the given place, _ 
This is the ſame as if ons Pot of a'piir of 
. compaſſes was ſet in the given place, and the other 
foot extended to the ſecond place, whoſe diſtance 
is known; for if the compaſſes be then turned 
round the firſt: place as a center, the moving foot 
will go over all thoſe places ran are at the ſame 
diſtance nn the TOO from it. 
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PROBLEM vill. 


The hour of the 45 at any Place being. ver, to find 
4 _—_ r where it bs noon at that tine. 
Bring the given place to 135 braln e 
and ſet the index to the given hour; this done, 
turn the globe until the index points to the up- 
per XII, and then, all the places that lie under the 
braſen e eee noon at that time. 


NV B. The upper XII meet fands for tiden} 
and when che bringing of any place to the braſen 
meridian. is mentioned, the ſide of that meridian 
on which the degrees are reckoned from the equa- 
tor is meant, ualeſs tae ee lie * N 
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PROBLEM Ix. 


he hour 7 the iy at any Plate being e, to: FF) 


| mba? « Uh "clock it is at 454¹ _ at any other Plate. 


X's ION 1485 . 


Bring the given place to * braſen meridi- 
1. and ſet the index to the given hour; then 
um the globe, until the place where the hour is- 


required comes to the meridian, / nd the index will 


pint out the hour at that 2 CER NEE, 
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PROBLEM X 18 20 


5 * FY fur? place in the ecliptic, * his de- 
| clination, for any you day of the year. 


* ** N 
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Look on the horizon for the given day, and : 
ght againſt it thereon, you have the degree of 
he ſign in which the ſun is (or his place) on that 


&y at noon, Find the ſatne degree of that. ſign 
l the ecliptic line upon the globe, -and having 
Wight, it to the braſen meridian, obſerve what 
bore of the meridian ſtands oyer it; for that is 
ae ſun's s declin; ation, reckoned from the equator. 


| The fan's declination fs his diftance: from the equi- 


* degrees, and is north R | 


nne and he north or fouth, pole. 
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POR E M hi 


Tidy 4. month Hog. given, 9 ll 
vertical on that 0. 


dian, obſerve. what degree of the. meridian i over 
it; then, turning the globe round its axis, all thoſe 
places which paſs under that degree of the meri- 

dian, are the places required: for as their latitude 
is equal in degrees to the ſun's declination, he muſt 
EY OT. head to each of them at its re- 


nne 
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Lt PROBLEM 


4 place ing ux fr Rr rerrid"cone, to fad th 


"es hor thr ad er. 


1 


N ge 1 Wed ho bre Soner f ode and & 2 
temperate; und tws frigid. The cid zene lies | 
the two tropics, · unc is 4 degrees in breadth, ot 2 

each fide of the equator : the temperate zones lie between, 
the tropics and polar n, or from 23 degrees of lat: 


* 5 RE 
1 , A. Ss we C2 & 2 : | 


5 


75 6 of bu FEW plobe.” 
don the meridian; then turn the globe round its 
xs, and obſerve the two points of the ecliptic 
mch paſs exactiy under that degree of latitude: 
A, find on the wooden horizon, the two days 
{the year in which the ſun is in thoſe points ot 
tyres of the ecliptic, and they are the days re- 
ird; for on them, and none elſe, the ſun's de- 
aon is Ms to ne gh 05 rhe Wies place. 
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"'PROELE 1 XIII. r 

#4 find all thoſe places of 'the north frignd +: Zone, Ur 
the fun begins to ſhine conſtantly without ſetting, on” 


n given day, from the 21 21f # Mare to ders 2 2 
n | 


On theſe two tak the ſun is in this beam, 
ul enlightens the globe exactly from pole to pole: 
kerefore, as the earth turns round its axis, which 
tminates in the poles, every place upon it will 
p equally through the light and the dark, and ſo | 
lake equal day and night to all places of the 
h. But as the ſun declines from the equator, 


wurds either pole, he will ſhine juſt as many 
Eres pound that pole, as are e ih to his decli- 


ule, to 662, on 2 ſde of * 43 ; N are each 43 
dees in breadth: the frigid zones are the ſpaces included 
ain the polar circles, Which being each 237 degrees from 
ler reſpective poles, the breadth bf each of thetedaanes is 

\legrees, As the ſun never goes without the tropics, be 
at efery + moment de vertical 0 * „r or "other in me.” 
ene 


L 


NEED th 
nation 


polar circle goes through apy part of the dk 


day to the braſen meridian, and found his declina- 


then, turning the globe round nts axis, obſerve 


from the 23d of September to the 2 1ſt of March, 


- 4 Of. Prob, 9. ) mark is with a cha K on the 


* 


* 


The uſe F the terreftiial EY 
nation PMI the equator; ſo that no place withi 
that diſtance of the pole will then go through an 
part of the dark, and conſequently the ſyn wi 
not. ſet to it. Now, as the ſun's declination 

northward, from the 21ſt of March to the 23d 
September, he muſt conſtantly ſhine round thi 
north pole all that time; and on the day that hy 
is in the northern tropic, he ſhines upon the-whole 
north frigid zone; ſo that no place within the north 


on that day. Therefore, 
Having brought the fun's place for the give 


tion, (by Prob. 9.) count as many degrees on the 
meridian, from the north pole, as are equal to the 
ſun's declination from the equator, and mark that 
degree from the pole where the reckoning ends: 


what places in the north frigid zone paſs diredl 
under that mark ; for they are the places required, 
The like may be done for the boch frigid zone, 


during which ume the ſun ſhines conftantly on 
the ſouth Fer 3 
P R 0 B L E M XIV. 


To fund the 2 over which the ſun | is vertical, at an 
„ of « a  gfven day.. | 


Having bound * ſun's declination for the given 
braſen 


The uſe of the te Org 


ſen meridian : then bring the place where you 

| (ſuppoſe London) to the brafen meridian, and 

the index to the given hour; which done, wra- , * 
globe on its axis,, until the index points to XII 

won; and the place on the globe, Which is then 

1 the point of the ſun's declination marked 

vn the meridian, has the ſun that, moment in 


zenith, or 1 over bead. 
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PRO B L EM XV. 


ſh day and bour vn} Mii be 70 find bt 

thiſe places where the ſan is then riſing, or ſetting, 

in the meridian: conſequently, all thoſe places 
which are enlightened at that time, and ROW which _- 
te in the dark. : 


This edbiin einlahe folved by by any „abel bee — 


=o i che common way, with the lau circle fixed. . 
= un the braſs meridian ; unleſs the ſun be on or 
"Wo lore of the tropics on the given day. But 


wi globe fitted up according to Mr. Foſeph | 
invention, (already mentioned, page 275) 
fre the hour circle lies on the Pao mg of the 
below the metidian, it may be ſolved for 
2 of che year, according 10 his Wen 
lch is as followws. 
Having: found the place to which ihe fun is ver- 
4 given hour, if the place be in the 
an hemiſphere, elevato the north 


pole as many 
che above tho horizon, as are equal © the la. 
7 ef that place; if the place be iu the ſouthern 


U 32 hemiſphere, 
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have it ſetting: to thoſe under the upper ſemicirc 


lightened by the ſyn, and have the ſun juſt ; 


if the place be brought to the eaſtern ſemicircle « 


The uſe of the terre efrial WM TOP" 


Aid, elevate the ſouth pole accordinglyco. tl 
and bring the faid place to the braſen meridl;. i di 
Then, all thoſe places which are in the weſtern f 
micircle of the horizon, have the ſun riſing to thet 
at that time; and thoſe in the eaſtern er 


of the braſs meridian, it is noon; and to tho 
under the lower. ſemicircle, it is midnight. 
thoſe places which are above the horizon, are e 
The 
nd ſo d 
hadow s 
the e 
oo n 
ce: 
Af of 
Find 
te give 


1 latit 


many degrees above them, as they themſelves at 
above the horizon: and this height may be know 
by fixing the quadrant of altitude on the braſc 
meridian over the place to which the ſun is ver 
ticalz and then, laying it over any other plac 
obſerve what number of degrees, oa, the quadr; 
are intercepted between the ſaid place and the hc 
rizon.. In all thoſe places that are 18 degrees be 
low the weſtern | ſemicircle of the horizon, 
morning twilight is uſt beginning; in all tho 


places that are 18 degrees below the eaſtern ſemi "Ay 
circle of the horizon, the evening twilight is en 1 tl 
ing; and all thoſe places that are lower than e Non 
mee have dark night,  _ Mich a 

If any place be brought to the upper ſemicir ratio 
of the braſen meridian, and the hour index be ( But 
to the upper XII or noon, and then the globe U 0 f 
turned round its axis,z when any place comes Me viab 
the weſtern ſemicircle of the horizon, the inde gl 


will ſhew the time of ſun-rifing at that place; 


che horizon, the index will ſhew the time of * 


\ 


The;uſe of the terreſtrial globe. 

Jo thoſe places which do not go-under-the ho- 
zon, the ſun ſets not on that day; and ta thoſe 
ich do not come above it, he does not riſ 


ngly 
ridin 0 


ern { | i 

) ther vr Ks * 1 64" 2 * 7 

10 PROBLEM XVI. 

nici 1 2 — ee en 1H. 
A. fl: day and hour of a lunar eclipſe being given; to 
tho 


jud all thoſe places of the earth to which it will be 
viible. | © ge N 

The moon is never eclipſed but when ſhe is full, 
kd ſo directly oppoſite to the ſun, that the earth's 
dow falls upon her. Therefore, whatever place 
the earth the ſun is vertical to at that time, the 
moon muſt be vertical to the antipodes of that 
he: ſo that the ſun will be then viſible to one 
lf of the earth, and the moon to the other. 
Find the place to which the ſun is vertical at 
e given hour, (by Prob. 14 ;) elevate the pole to 
le latitude of that place, and bring the place to 
le upper part of the braſen meridian, as in the 
mer problem: then, as the ſun will be viſtble 
ball thoſe parts of the globe which are above the 
on, the moon will be viſible to all thoſe parts 
Nich are below it, at the time of her greateſt ob- 


ration. 8 
But with regard to an eclipſe of the ſin, there 
no ſuch thing as ſhewing to what places it will 
"ltble, with any degree of certainty, by a.com- 
mn globe'; becauſe the moon's ſhadow covers but 


le nal portion of the earth's ſurface, and her la- 
b * Wde, or declination from the eeliptic, throws her 
Un- by 


Be n ſhadow 


de eis of. the terreſirial-globe. 
fi ſhadow ſo variouſiy upon the earth, chat to deter 
mine the places on which it * ns muſt 
_ to WING nn Zul 


PROBLEM XVII. 


7 2 105 the globe for the latitude, the * 2enith, 
Bi ; the fart 5 Place. ® 

Fine the latitude of the place (by Prob. F, * 
if the place be in the northern hemiſphere, ra 
the north pole above the north point of the hari 
ZON, AS many degrees (counted from the pole upot 
the braſen meridian) ; as are equal to the latitude 0 
| the place, If the place be in the ſouthern hemi 
ſphere, raiſe the ſouth pole above the ſouth poin 
of the horizon, as many degrees as are equal tt 
the latitude. Then, having brought the place t 
its latitude on the braſen meridian, faſten the qui 
grant of altitude fo, that the chamfered edge o 
its nut (Which is even with the graduated edge 
may, be joined to the zenith, or point of latitude 
This done, bring the fug's place in the ecliptic fot 
the given day (found by Prob. 10.) to the gr! 
1 fide. of the braſen meridian, and ſet the 
hour index to XII at noon, which is the uppermoſ 
XII on the hour circle; and the globe will be rec 
uod. 


„ "The wealth, in this ſenfe, is the Nes point of th 
braſen meridian above the horizon; but in the proper ſenſe 
it is that point of the ne W is ö n 1 


b. nd md «143 + 
8 The 


The jativade of any — en cheelvatiod bank. 
the neareſt pole of the heaven © above the ho- 
ion of that place; and the poles of the heaven 
n directly over the poles of the earth, each 90 
egrees from the equinoctial line. Let us be upon 
hat place. of the earth we will, if the limits of 
ur view be not intercepted by hills, we ſee one 
uf of the heaven, or go degrees every way 
nund, from that point which is over our heads. 
Therefore, if we were upon the equaror, the poles 
o the heaven would lie in our horizon, or limit 
of view : if we go from the equator, towards ei- 
ber pole of the earth, we ſhall ſee the correſpond- 
ng pole of the heaven riſing gradually above our 
horizon, juſt as many degrees as we. have gone 
fom the equator : and if we were at either of our 
anh's poles, the correſponding pole of the heaven 
wold be directly over our head. Conſequently, 
ke elevation or height of the pole 1 in degrees above 
ke horizon, is always equal to the number of de- 
pres. that the place is from the equator. The 45 


PROBLEM xVm. . 
ſh latitude of any plate, not exceeding * 66. deorees, | 
and the day of the month, being given; to find the 

lime. of ſun-rifing and ſetting, and e he 

length of the day and night, 

Having rectified the globe for the lativude, Ad 

ts ſun's plight on the on day, 65 directed in 
| „ 
; *m Med ene lake x more und 665 e are 


* frigid zones: aud to thoſe places the ſun does not 
U 4 | ſet 


che prececingiproblem) bring the ſun's place in the 


Te ale of the terreſtrial globe. 


ecliptic to the eaſtern ſide of the horizon, and the 
hour index will ſhew the time of ſun- riſing; then 
turn the globe on its axis, until the ſun's place I a the 
comes to the weſtern ſide of the horizon, and the time.th 
get will ſhew:the time of ſun- ſetting. place v 

The hour. af ſun · ſetting doubled, gives the ef the 


"ra of the day; and the hour | of ſun- riſing ing tv 
_ gives the og. 15 pe 8 veſterr 
< 491, 3% 4934 I09 to it, 

PROBL E M XIX. a 

7 The deeds of any. place, and the day if the i veltws 
being given; to find when the morning twilight be. Wl de ho 
lng, __ the _—_ _ ends, at that ms of 
120 £4 35113:5 3} 4 (Ne Jul 

This pieBlendo is often Bmized - PI when te velter 

Gan does not go 18 degrees below the horizon, the 
twilight continues the whole night; and for ſeveral 
nights together in ſummer, between 49 and 66; | 
degrees of latitude: and the nearer to 66%, the In. 
greater is the number of theſe nights. But when con 
it does begin and end, the following method mil . nor! 
ſhew the time for any given day. | a 


Rectify the globe, and bring the ſun's place in 
the ecliptic. to the - eaſtern ide of the horizon; 
then mark that point of the ecliptic with a chalk 
which-is in the weſtern ſide of the horizon, it be- 
ing the point oppoſite to the ſun's. place: this done, 


fe. in \ ſummer, for a certain 3 of diurnal revolutions; 
which occaſions this limitation of latitude. | 


17; . 


ay 


The uſe of the terreſtrial. globe, 


and turn the globe eaſtward, keeping the quadrant 
i the chalk-mark, until it be juſt 18 degrees high, 
n the quadrant z, and the index will point out the 
ume that the morning twilight begins: for the ſun's. 
place will then be 18. degrees below the eaſtern ſide 
of the horizon. To find the time when the even- 
ug twilight ends, bring the ſun's place to che 
neſtern ſide of the horizon, and the point oppoſite 

o it, which was marked with the chalk, will be 
ilng-in the eaſt: then, bring the quadrant over 
that point, and keeping it thereon, turn the globe 
ſeſtward, until the ſaid point be 18 degrees above 
the horizon on the quadrant, and the index will 
bew the time when the evening twilight ends; 
be ſun's place being then 18 es: below the 
aan ſide of the horizon. 151% Yr 


PROBLEM XX." 


fo fad on what day of the year the ſun bigine: to | Jin 
- conſtantly without ſetting, on any given place in the: 
. north. frigid zone; and how long He continues 10 
Na Jo : | 8 106 


kecufy the ** to ths. uam 45 10 Kiev 
and; turn it about until fame point of the echptic,. 
between aries and cancer, coincides with the north 
point of the horizon where the braſen meridian 
cuts it: then find, on the wooden horizon, what 
dy of the year the ſun is in that point of the 
„ ; which is the day that the ſun begins to 

| Ts _ ſhine 


y the quadrant of altitude over the ſaid point, 5 


The ue of the rereſtrial git. 
| ſhine conſtantly on the given place, without ſet 
ting. This done, turnithe globe until ſome point 
of the ecliptic, between cancer and libra, coincides 
with the north point of the horizon, where the 
braſs meridian cuts it; and find, on the wooden 
horizon, on what day the ſun is in that point of 
the ecliptic ; which is the day that the ſun leaves 
off conſtantly ſhining « on the ſaid place, and riſes 
and ſets to it as to other places on the globe. The 
number of natural days, or compleat revolutions 
of the ſun about the earth, between the two days 
above found, is the time that the ſun keeps con- 
ſtantly above the horizon without ſetting; for al 
chat portion of the ecliptic, which lies between the 
two points that ingerſe&t the horizon in the very 
north, never ſets below it: and there is juſt as 
much of the oppoſite part of the ecliptic that ne- 
ver riſes ; therefore, the ſun will keep as long 
conſtantly below the horizon in winter, as above 
It in ſummer. | 
-" Whoever conſiders the globe, will find, that all | 
places of the earth do equally enjoy the benefit of i 
the ſun, in reſpe& of time; and are equally de- 
prived of it, For, the days and nights are always 
equally long at the equator : and! in all places that 
have latitude, the days at one time of the year, 
are exactly equal to the 2 at the oppoſite | 
e „VE 5 | 


. of the te 


* i 4 % + 
* i * 1 53” 1 
E . * 


* 83 

+ | PROBLEM XXI fg 

L if find i in what latitude the ful ines conſtantly RY 
eu ſetting, for any length of * lime teſs than * ' 1825 
y of our days and 2 „ 
* Find : a point in this ecliptic: air 6 as many TY | 
n from the beginning of caucer, (either toward 
© WH is or bro) as there are T natural days in the 
1s 


time given ; and bring that point to the north fide 
> the braſen meridian, on which the degrees are 
winbered from the pole rowards the equator : chen, 
keep the globe from turning on its axis, an ſlide 
the meridian up or down, until the foreſaid point 
> the eclipric comes to the north point of the 
torizon, and then, the elevation of we ow: will 
be 228885 to the latitude required. . 


PROBLEM XXI. 


fle latitude of a place, not exten 662 | dares, 
and the day of the month being given ; to find the 
ſun's amplitude, or point 7 * eee on which 
be rifes or ſets. | 


Rectify che Gebe, and being f ſun's place to 
tte eaſtern fide > the Ae 3 then ohſerve what 


— Kdtation is, that 1822 of our Ups 
ad nights make half a year, which is the longeſt time that 
de ſun ſhines without ſetting, even at the poles of the earth. 

+ A natural day, contains the Whole 24 hours: an arti- 
ical day, the time that the ſun is above the horizon, 


EIT 440 4.9 point 
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The uſe of the terr rial globe. 
point of the compaſs on the horizon ſtands right 
againſt the ſun's place, for that is his amplitude 
at riſing. This done, turn the globe weſtward, 
until the ſun's Place comes to the weſtern ſide of 
the horizon, and it will cut the point of his am- 
plitude at ſetting. Or, you may count the riſing 
amplitude in degrees, from the eaſt point of the 
horizon, to that point where the ſun's place cuts 
it ; and the ſetting amplitude, from the welt point 
of rhe hofizon, to a fun” 5 Place at 1 


PROBLEM XXIII. 


T. 15 latitude, the ſun's place, and bis * altitude, le- 
ing given; to find the bour of abe ping and the | 


- Jur's azimuth, or number of ig A he is _ 
From the meridian. ER 


Rectify che globe, and in: the fan's place to 
the given height upon the quadrant of altitude; 
on the eaſtern ſide of the horizon, if the time be 
in the forenoon; or the weſtern ſide, if it be in the | 
afternoon : 4 then the index will ſhew the hour, 
and the number of degrees in the horizon, inter- 
cepted between the quadrant of altitude and the 
fouth point, will be the ſun's true azimuth at that 
time. 

N. B. Always when the quadrant of altitude is 


mentioned in working any ex oy ed 
edge of it is meant. 3 


* The ſan s alitode, it: ayy time, 3 is « his gh abr 
the horizon at that time. nol £37 x3 * 


* & 


* 


The uſe a the terveſtri al 205 


If this be done at ſea, and compared with the 
ſun's azimuth, as ſhewn by the compaſs, if they 
wgree, the compaſs has no variation in that place: 

but if they differ, the compaſs does vary; and 
te vatiatiqn is ah to his difference. if 


PROBLEM XXIV. 


" lm, hour - of the df * the bar. s "ole 
being 8 to N the ar altitude nag a2. 
mulb. a 


Rectify the globe, and turn it until the index 

points to the given hour; then lay the quadrant 
of altitude over the ſun's place in the ecliptic, and 
the degree of the quadrant cut by the ſun's place is 
his altitude at that time above the horizon ; and 
the degree of the horizon cut by the quadrant is is 
* ſun's azimuth, nen ee — fouth.” 


PROBLEM xxv. 


the 8 the fun s altitude, and bis Jane as 
given; to find his place in the ecliptic, the day. of 
the mouth, and hour. G4 the en though they a 
ell been loft 


Redtify 1 4 for che W and * zenith, 
1 ſet the quadrant of altitude to the: given azi- 


By rectifying the globe * che zenith, is meant ſcrewing 
he quadrant, of altitude to the given: kante on the braſs 
meridian, : „ 2 4 
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1 g of the lf : 
muth-in the horizon 3 keeping it there, turn the 
globe on its axis until the ecliptic cuts the quadrant 
in the given altitude: that point of the eclipic ll 
which cuts the quadrant there; will be the ſuns Wl - 
place; and the day of the month anfwering there. It 
to, will be found over the like place of the ſun on 
the wooden horizon. Keep the quadrant of alti- 
tude in that poſition, and having brought the ſun's 
Place to the braſen meridian, and the hour index 
to X11 at noon, turn back. the.globe, until the ſun's 

place cuts the quadrant of altirude again, and the 
index will ſhew the hour. 

Any two points of the ecliptic which are equi- 
diſtant from the beginning of cancer or of capri. 
corn, will have the ſame altitude and azimuth at 
the ſame hour, though the months be different; 
and therefore it requires ſome care in this problem, 
not to miſtake both the month and the day of the 
month; to avoid which, obſerve, that from the 
zoth of March to the 21ſt of June, that part of 
the ecliptic which is between the beginning of ric 
and beginning of cancer is to be uſed: from the 
21ſt of June to. the 23d of September, between 
the beginning of cancer and beginning of libra: 
from the 23d of September to the 2 1ſt of Decem- 
ber, between the beginning of libra and the be- 
ginning of capricorn: and from the 21ſt of De- 
cember to the 20th of March; between the begin- 
ning of capricorit and beginning of aries. And u 
one can never be at a loſs to know in what quarter 
of the year he takes the ſun's altitude and azimuth, | 
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E the plach be on der Werth lie Ur the . Gs os. | 
jd its latitude by Prob. l.) and elevare the north 
ple to that latitude; then, bring the k vitning of 
incer S to the braſen meridian, and fer the 13 ; 
wdex to XII at noon. But if the given place be 
n the ſouth ſide of the equator, elevate Ks fouth | 
ple to its latitude, and bring the beginning of a- 

worn W to the braſs meridian, and the hour in- 

8 XII. This done, turn the globe weſtward, 
mil the beginning of cancer or capricorn (as the 
ktitude is north or ſouth) comes to the horizon; 
the index will chen point out the time of ſun- | 
king, for it will have gone over all the afternoon | 
urs, between mid-day and ſun-ſet; which length 
tf time being doubled, will give the whole length | 
the day, from ſun- riſing to ſun-ſetting, For, 
"all latitudes, the fun riſes as oe before tmid- | 
ay as he ſets after i it. 
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PROBLEM: XXVII. 


5 hnd i in ; what latitude the longeſt 4 is 7 a o 5 
| length, 1 than 24 baurs... 0 gli 


If the latitude be. poke bring dm beginning of "% 
cer 0 the braſen meridian, and elevate the north. 


pole 


— 
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pole to about 662 degrees; but if the latitude be 
ſouth, bring the beginning of capricorn to the me 
ridian, and elevate the ſouth pole to about 661 de- 
grees; becauſe the longeſt day in north latitude, 


is when the ſun is in the firſt point. of cancer; and ati. 
in ſouth latitude, when he is in the firſt” point of find 
capricorn. Then ſet the hour index to XII at noon, Ml = 
and turn the globe weſtward, until the index points il set: 
at half the number of hours given; which done, unn n 
keep the globe from turning on its axis, and ſlide MMyr's co 


the meridian down in the notches, until the afore- 
faid point of the ecliptic (viz. cancer. or capricorn) 
comes to the horizon; then, the elevation of the 
pole will be equal to the latitude required. Is dis, 


LF. 


| AE PROBLEM xxVIII. 


The latitude of any place, not exceeding 662 7 
being given; to find in what * climate the place 1s, 


Find the length of the longeſt day at the given 
place, by Prob. 26. and whatever be the number 
4 hours whereby it exceedeth twelve, double that 


* A climate, from the equator to either of the polar cit-, 
cles, is a tract of the earth's ſurface, included between two 
ſuch parallels of latitude, that the length of the longeſt day 
in the one exceeds that in the other by half an hour: but. 
from the polar circles to the poles, where the ſun keeps long 
above the horizon without ſetting, each climate differs 2 
whole month from the one next to it. There are 3t climates 
between the equator and each of the polar cites ; ; and fix 
from each polar cirele to its ee pole. © 
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28 PROBLEM XXIX. 


find the hour of the day when the ſun Hines. 


Fer the wooden horizon truly level,” and the 
ſen meridian due north and ſouth by a mari- 
xr's compaſs : then, having rectified the globe, 
ick a ſmall ſewing-needle into the ſun's place in 
te ecliptic, perpendicular to that part of the ſur- 
ice of the globe: this done, turn the globe on 
6 axis,. until the needle comes to the braſen me- 
ian, and ſet the hour index to XII at noon 
hen, turn the globe on its axis, until the needle 
vints exactly towards the ſun (which it will do 
nien it caſts no ſhadow on the globe) and the } in- 
r wil ſhew the hour of the day. 


PROBLEM: XXX. 


earth which are enlightened by the ſun, and alſo 
the lime of the day, when ihe ſun ſhines. 


Take the terreſtrial ball out of the — ho- 
mon, and alſo out of the braſen meridian; then 
it upon a pedeſtal in ſun-ſhine, in ſuch a man- 
kr that its north pole may point directly towards 
le north pole of the heaven, and the meridian of 


. and the ſum will give the Bly! in 


ſh linde, and the day of the month, being given; to 


Ipleaſant way of ſhewing all thoſe "Ou of the 


& Place where 7 are be directly towards the 
| X ſouth, 
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"ml uſe of the terreftri al globe. 
ſouth. & Then, the ſun will ſhine upon all the like 


places of the globe that he does on the real earth, 


riſing to ſome when he is ſetting to others; as you 
may perceive by that part where the enlightened 
half of the globe is divided from the half in the 
ſhade, by the boundary of the light and darkneſs: 
all thoſe places on which the ſun ſhines, at any 
time, having day; and all thoſe on which he docs 
not ſhine, having night, 


Tf a narrow lip of paper be put round the equa· 
tor, and divided into 24 equal parts, beginning at 


the meridian of your place, and the hours ſet to 


thoſe diviſions in ſuch a manner, that one of che 
VI's may be upon your meridian ; the ſun being 
upon that meridian at noon, will then ſhine ex- 
actly to the two XI L's; and at one o'clock to the 
two T's, &c. So that the place, where the en- 


lightened half of the globe is parted from the ſhad- 


ed half, in this circle of hours, will ſhew the hour 


of the day. | 


The principles of dialing ſhall be explained in | 


the next lecture, by the terreſtrial globe. At pre- 
ſent we ſhall only add the following obſervations 


upon it; and then proceed to the uſe of the celeſtial 
globe. 


1. The latitude of any place is always equal to the 
elevation of the pole above the horizon of that place; 
aud the elevation of the equator is equal to the compie- | 
nent of the latitude, that is, to what the latitude wants 


of go degrees. 

2. Thoſe places which lie on the equator have nb a- 
titude, it being there that the latitude begins; and 
thoſe Places which lie an the firſt merigian haut uo len- 
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Oger vations concerning it. 
ade, it Being there that the longitude Nellie Con- 
quently, that particular place of the earth where the 
ﬀf meridian interſects the equator, has neither * 
ule nor latitude. 

3. In all places of the earth except the poles, all 
thr points of the compaſs. may be diſtinguiſhed i in the 
lmizon: but from the north pole, every place is ſouth ; 
ad from the ſouth pole, every place is north, There- 
fore, as the ſun is conſtantly above the horizon of each 
we for half a year in its turn, he cannot be ſaid 
U depart from the meridian of either pole for balf a 
yur together. Conſequently, at the north pole it may 
| ſaid to be noon every moment for half a year, and 
the winds blow from what part they will, they 
o4 always blow from the ſouth ; ; and at the ſouth- 

jile, from the north. 

11 Becauſe one half of the ecliptic is above the ho- 
nun of the pole, and the ſun, moon and planets, . 
woe in (or nearly in) the ecliptic ; they will all riſe 
as ſet to the poles, But, becauſe the ſtars never 
lange their declinations from the equator, (at. Jeaſt - 
ut ſenibly in one age) thoſe which are once above the 
lirizon of either pole, never ſet below it; and thoſe 
which are once below it never riſe. 

5. All places of the earth do equally enjoy the benefit 
if the ſun in re ect of time, and are equally deprived 
if it, 

6. All places upon the equator have their days and 
bg equally long, that is, 12 hours each, at all times 
i the year. For, although the ſun declines dlter- 
ute, from the equator towards the north and to- 
Wards the ſouth, yet, as the horizon of the equator 
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Other vations concerning the 
cuts all the parallels of latitude and declination ix 


halves, the ſun muſt always continue above the vori. 
Zon for one half a diurnal revolution about the earth, 


1 for the other half below it. 


. When the ſun's declination is greater than the | 
POR Ares of any place, upon either fide of the equator, | 


the ſun will come twice to the ſame azimuth or point of 
the compaſs in the forenoon, at that place; and twice 
to a like azimuth in the afternoon , that is, be will 
go twice back every day, whilſt his declination continues 
to be greater than the latitude. Thus, ſuppoſe the 
globe refified to the latitude of Barbadoes, which is 


13 degrees north; and the ſun to be any where in the | 


ecliptic, between the middle of taurus and middle of 
leo; if the quadrant -of altitude be ſet to about * 18 
degrees north of the eaſt in the horizon, the ſun's 
place be marked with a chalk upon the ecliptic, and the 


globe be then turned weſtward on its axis, the ſaid | 


mark will rife in the borizon a little to tht north of 


the quadrant, and thence aſcending, it will croſs the | 


quadrant towards the ſouth ; but before it arrives at 
the meridian it will croſs the quadrant again, and paſs 
over the meridian northward of Barbadoes. And if 


the quadrant be ſet about 18 degrees north of the weſt, 


the ſun's place will croſs it twice, as it deſcends from 
the meridian towards the horizon, in the afternoon. 
8. In all places of the earth between the equator 
and poles, the days and nights are equally long, 912. 
12 hours each, when the ſun is in the equinottial: 


for, in all elevations of the pole, ſhort of 90 degrees | 


* From the middle of gemini to the middle of cancer, 
the quadrant may be ſet 20 degrees, 
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(which i is my 8 55 one bah TY tbe equator or equi- 
wiial will be above the borizon, and the. aver: "wy 
low it. | 

9. The days and nights are never of an equal 
lagtb at any place between the equator and polar cir- 


ths, but when the fun enters the figns P aries and 
2 libra. For in every other part of the ecliptic, tie 


male of the ſun's daily motion is divided into two un- 
qual parts by the horizon. | 
10. The nearer that any place 1s to the equator, 


the leſs is the difference between the length. of the days 


and nights in that place; and the more remote, the 
antrary. The circles which the ſun deſcribes in the 


heaven every. 24 hours, being cut more nearly equal. 


in the former caſe, and more unequally in ihe latter. 


11. In all places lying upon any given parallel of 


latitude, however long or ſhort the day or night be at 
au one of theſe places, at any time of the year, it is 
then of equal length at all the reſt ; for, in turning the 
globe round its axis (when rectiſied according to the 
ſun's declination) all theſe places will A equaily long 
dove orbelow the borizon. 


12. The ſun is vertical twice a year to every Place 


between the tropics ; to thoſe under the tropics, once 


ayear, but never any where elſe. For, there can be 
wo place between the tropics, but what there are two 
points in the ecliptic whoſe declination from the equator 
is equal to the latitude of that place; and but one 
point of the ecliptic which has a declination equal to 
the latitude of places on the tropic which that point 
of the ecliptic touches : and as the ſun never goes 

No: . without 
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of the twilight is leaſt, becauſe the ſun's daily notion : 
lion is neariy Parallel to the Horizon; and thertfare 


Ihe & temperate zones it is at à medium between the 


ſo. 


Obſervations concerning the. 

without the tropics, he can never be vertical 10 any F 
pace that lies without them, - 

13. To all places in the * torrid zone, the duration 
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1s the moſt perpendicular to the Horizon, In the 
frigid r zones, greateſt; becauſe the ſun's daily no- 


he is the longer of getting 18 degrees below it (till | ; 
which time the twilight always continues). And in 


zwo, becauſe the obliquity of the ſun's daily mation is 
14. In all places lying exatily under the polar cir- N 


cles, the ſun, when he is in the neareſt tropic, con- 
tinues 24 hours above the horizon without ſztting ; 


becauſe no part of that tropic is below their horizon, Wil 17. J 
And when the. ſun is in the fartheſs tropic, be is for Nun + 
the fame length of time without riſing ; becauſe no l take 
part of that tropic wy ove their horizon. But, at | , that ſhip, 
all other times of the year, he riſes and ſets there, 4 t da) 
in other places; eee all the circles that can Vi % b. 
drawn parallel to the equator, between the tropics, N inirary 
are more or leſs cut by the borizon, as they. are far- : Wirder 4 
ther from, or nearer to, that tropic which is all above bir bo: 
the horizon : and when the ſun is not in either of the Wi ſiting 7 
tropics, his diurnal courſe muſt be in one or other of q part 
theſe circles. f WT 110or ti, 
15. To all places in ihe northern hemiſphere, from F every 
the equator to the polar circle, the longeſt day and | at 
ſhorteſt night is when the ſun is in the porthern tropic, Wi 6ſolute 
Between the tropics. + Between the polar circles and the pe 
poles. $ Between the tropics and polar circles. Wil rec 
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Terre Avia globe. 


pd the ſharteſt day and longeſt night is when he fun 
in the ſouthern tropic ; becauſe no circle of the ſun's 
lily motion is ſo much above the borizon, end ſo little 
uno it, as the northern tropic; and none ſo little 
live it, and ſo much below it, as the ſouthern. In the 
ſulbern hemi ſphere, the contrary, | 

16. In all places between the polar circles and 
ns, the ſun appears for ſome number of days (or ra- 
ter diurnal revolutions) without ſetting ; and at the 


rt of the ectiptic never ſets in the former caſe, and 
U much of the oppoſite part never riſes in the latter, 
lad the nearer unto, or the more remote from the 
tle, theſe places are, the longer or ſhorter i is the ſun's 
intinual Preſence or abſence. 


und the earth eaſtward to the ſame port again, let 
ltr take what time ſbe will to do it in, the people in 


lat day at their return, or count one day more than 
thiſe who reſide at the ſame port; becauſe, by going 
untrary to the ſun's diurnal motion, and being for- 
murder every evening than they were in the morning, 
heir horizon will get ſo much the ſooner above the 
Ming ſun, than if they had kept for a whole day at 


ſroportionable to their own motion, from the length 
if every day, they will gain a compleat day of that 
rt at their return; without gaining one moment of 
late time more than is elapſed during their courſe, 

v the people at the port. If they ſail weſtward, they 
ul reckon one day leſs than the People do who reſide 
_— | at 
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paßte time of the year without riſing; becauſe ſome 


17. If a. ſhip ſets out from any port, and fails 


trat ſhip, in reckoning their time, will gain one com- 


ay particular place. And thus, by cutting off a part 
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41 the ſaid port, becauſe by gradually following the ay. The . 
parent diurnal motion of the ſun, they will keep bin Wi cleſtial 
each particular day ſo much longer above their horizon ferent m 
as anſwers to that day's courſe : and by that mean; any plac 
they cut off a whole day in reckoning, at their return, ue rech 
without loſing one moment of abſolute time. om th 
Hence, if two ſhips ſhould ſet out at the ſame tin: af Lon 
from any port, and ſail round the globe, one eaſtward French ; 

and the other weſtward, ſo as to meet at the ſame pont WI their lor 

on any day whatever ; they will differ two days in u. Bu 
reckoning their time, at their return. If they ſail WY eckoni! 

twice round the earth, they will differ. four days; if WM comets, 

thrice, then fix, &c. | | be“ e 

ur _ Having done, for the preſent, with the terreſtrial I cuts the 
Soden globe, we ſhall proceed to the uſe of the celeſtial ; WM thence « 
firſt premiſing, that as the equator, ecliptic, tro- Wi circle a; 

pics, polar circles, horizon, and brazen meridian, le bety 

are exactly alike on both globes, all the former Wi of the 
problems concerning the ſun are ſolved the ſame liitude 

way by both, and therefore it is needleſs to repeat WW noctial 

To rectiſy them. The method alſo of rectifying the celeſtial iſ buth d 
It, globe is the ſame as rectifying the terreſtrial, viz. WI vhich | 
EFElevate the pole according to the latitude of your &clinat 

place, then ſcrew the quadrant of altitude to the ton. 

zenith, on the braſs meridian ; bring the ſun's ll 

place in the ecliptic to the graduated edge of the | * Th 

' braſs meridian, on the ſide which is above the ſouth * the be 

point of the wooden horizon, and ſet the hour f ws, ( 
index to the uppermoſt XII, which ſtands for noon. | the equi 

VN. B. The ſun's place for any day of the year 10 * 

ſtands directly over that day, on the horizon of the ene 1 


celeſtial globe, as it does on that of the wn 4 


The uſe of the celeflialghts, 313 | 
The latitude and longitude of any ſtar, or other Latitude | |; 
cleſtial phenomenon, is reckoned in a very dif- 1 4. 1 | 
ferent manner from the latitude and longitude of far. 

ay place on the earth: for all terreſtrial latitudes 

ue reckoned from the equator z and longitudes 

om the meridian of ſome remarkable place, as 
of London by the Engliſh, - and Paris by the 
french; though moſt. of the French maps begin 
their longitude at the meridian of the iſland Fer- 

f. But the aſtronomers of all nations agree in 
rckoning the Jatitudes of the ſtars, planets, and 
comets, from the ecliptic; and their longitudes from 
the * eguinoctial colure, in that ſemicircle of it which 
cuts the ecliptic at the beginning of arzes P.; and 
thence eaſtward, quite round, to the ſame ſemi- 
circle again. Conſequently, all thoſe ftars which 
le between the equinoctial and the northern half 
of the ecliptic, have north declination and ſouth 
latitude z and all thoſe which lie between the equi- 
doctial and the ſouthern half of the ecliptic, have 
ſouth declination and north latitude ; and all thoſe 
which lie between the tropics and poles, have their 
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1 &clinations and Intitudes of the ame: denomina- 
e WY ton. 

89 $ | 

© | * The greats circle that paſſes through the eguinoctial points 
j un the beginning of Y and 2, and through the poles of the 
r 8 world, (which are two oppalits points, each go degrees from 


the equinoctial) is called the equine&ial colure: and the great Culures, 
Grcle that pailes through the beginning of 25 and Ve, and alſo 
through the poles of rhe ecliptic, and poles of the world, 1s 
fled the /o/fjcial colure, 


There 
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214. The uſe of the celeſtial globe. 
| There are ſix great circles on the celeſtial globe 
which cut the ecliptic perpendicularly, and meer 

in two oppoſite points in the , polar circles; which 
points are each go degrees from the ecliptic, and are 

called its poles. Theſe points divide the ſaid cir. 

cles into 12 ſemicircles; and they cut the ecliptic 

at the beginnizgs of the 12 ſigns. They reſem- 

ble ſo many meridians on the terreſtrial globe; 

and as all places which lie under any particular 
meridian ſemicircle. on that globe, have the ſame 
 Tongitude, fo all thoſe points of the heaven, through | 
Which any one of the above ſemicircles are drawn, 
have the-ſame longitude.—And, as the greateſt la- 
titudes on the earth are at the north and fouth 

poles of the earth, ſo the greateſt latitudes in the 
heaven, are at the north and ſouth poles of the 
ecliptic. 5 EO 
Crjidia- In order to diſtinguiſh the ſtars, with regard to 
. 9% their ſituations and poſitions in the heaven, the | 
antients divided the whole viſible firmament of | 
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ſtars into particular ſyſtems, which they called N accour 
conſtellations; and digeſted them into the forms of bm their 
ſuch animals as are delineated upon the celeſtial H aries, i 
globe. And thoſe which lie between the figures {WW taurus, 
of theſe imaginary animals, and could not be . 
brought within the compaſs of any of them, were The ſt: 
called unformed lars. * MF; prot 
Becauſe the moon and all the planets were ob- ces fro 
ſerved to move in circles or orbits which croſs the | arpeſt, aj 
ecliptic (or line of the ſun's path) at ſmall angles, WI to t! 
and to be on the north ſide of the ecliptic for one Hit ade 
half of their courſe round the heaven of ſtars, and allet t. 


on I 
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in uche ſouth ſide of it for the other half, but ne- 
n to go quite 8 degrees from it on either ſide, the 
ments diſtinguiſhed that ſpace by two leſſer cir- 
des, parallel to the ecliptic, (one on each ſide) at 
degrees diſtance from it. And the ſpace included 


wſe moſt of the 12 conſtellations placed therein, 


he crab; g. Leo $\,, the lion; 6. Virgo , the 
gin; 7. Libra , the balance; 8. Scorpio MI, 
be ſcorpion 3 9. Sagittarius T, the archer; 10. Ca- 


mrs W, the goat; 11. Aquarius W, the wa- 
r bearer; and 12. Piſces , the fiſhes. to +" 


wnomy, theſe twelve conſtellations ſtood at or 


daracteriſtics are marked upon the globe: but 
u, each conſtellation is a whole ſign forwarder, 
n account of the receſſion of the equinoctial points 
tom their former places. So that the conſtellation 

cf aries, is now in the former place of taurus; that 


lu. 


The ſtars appear of different magnitudes to the 
fe; probably becauſe they are at different diſ- 
46 from us. Thoſe which appear brighteſt and 
woeſt, are called ſtars of the firſt magnitude; the 
txt to them in ſize and luſtre, ſtars of the ſecond 
Mitude; and fo on to the ſixth, which are the 
alleſt that can be diſcerned by the bare eye. 
Some 


— was \ WW 


Kar the places of the ecliptic, where the above 


ll {aurus, in the former place of gemini; and ſo 


ktween_ theſe circles, they called the zodiac, be- Zadar. 
ekmble ſome living creature. Theſe conſtella- - 


ons are, 1. Aries p, the ram; 2. Taurus . Its ſigns, or 
he bull; 3. Gemini I, the twins; 4. Cancer O, diuiſions. 


It is to be obſerved, that in the infancy of aſ- Remaræx. 
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given chem, as caſtor and pollux in the heads of the 


in the ſide of the little dog, rigel in the left foot o 


ſun's place, is his declination. Bring any fixed fa 


of the meridian that ſtands over it, is its declins 


The uſe of the celgſtial globe. 
Some of the moſt remarkable ſtars have names 80 tha 
weſtial g 
twins, frius in the mouth of the great dog, pruchan l aiiude a 
orion, arcturus near the right thigh of Bootes, &c. 


Theſe things being premiſed, which 1 think are 


all that the young Tyro need be acquainted with, i 7 fn 
before he begins to work any problem by this 

globe, we ſhall now proceed to the moſt uſeful of If the 

_ thoſe problems; omitting ſeveral which are of lit-WMeliptic, | 

tle orno conſequence. 1 titude c 

de twelv 

PROBLEM 1. way 

de ſouth 


To e the be right aſcenſion and + declination of the 
| Jun, or any fixed Foun 


Bring the * s place in the eclivele to the braſen 
meridian, then that degree in the equinoctial which 
is cut by the meridian, is the ſun's right aſcenſion 
and that degree of the meridian which is over the 


to the meridian, and its right aſcenfion will be cut 
by the meridian in the equinoctial; and the degred 


Quadrant 


tion. 


10 repreſ 


»The degree of che equinoctial, reckoned from the be- 


ginning of aries, that comes to the meridian with the ſun ot from 1 
ſtar. is its right aſcenſion. ihe * 
+ The diſtance of the ſun or ſtar in degrees from the 
equinoctial, towards either of the poles, north or ſouth, is It Rectif 
declination, which is north or ſouth accordingly. le zeni 


*14 


The uſe Py the celeſtial TR 
90 that m aſcenſion and declinati, on the 
ceſtial globe, are found in the ſame manner as 


* and latitude on the n. 


PR 0 B L E * II. 
75 find the latitude and longitude of any far. 


1 the een ſtar be on the north ſide of the 
«liptic, place the goth degree of the quadrant of 
titude on the north pole of the ecliptic; where 
he twelve ſemicircles meet; which divide the 


te ſouth ſide of the ecliptic, place the goth de- 
wee of the quadrant on the ſouth pole of the eclip- 
tc: keeping the goth degree of the quadrant on 
de proper pole, turn the quadrant about, until its 
aduated edge cuts the ſtar : then, the number of 
legrees in the quadrant, between the ecliptic and 
te ſtar, is its latitude ; and the degree of the 


be 


Quadrant chen 1 is. 
PR OBLEM III. | 
10 repreſent the face of the Harry firmament, as hen 
the . 


i Rectify the celeſtial glode for the given n lacitude, 


ciptic into the 12 ſigns: but if the ſtar be on 


Kliptic cut by the quadrant, is the ſtar's longi- 
nde, reckoned according to the fign in rk the 


g * 
377, 
\s 


from any given place of the earth, at 7. Hour 7 


le zenith, and ſun's place, in every reſpect, as | 
taught 


then in ſuch ſituations, as exactly correſpond to 


4 


es, 
# 


De uſo of the celeſtial globe. 
taught by the 17th problem, for the terreſtrial ; 
and turn it about, until the index points to the 
given hour: then, the upper hemiſphere of the 
globe will repreſent the viſible half of the heaven! 
for that time: all the ſtars upon the globe being 


hrs rifir 
ſhen the 
ex wil 
he meric 
the ſtar c 
nd the it 


thoſe in the heaven. And if the globe be placed Ing; 


duly north and ſouth, by means of a ſmall ſea- = 2 
compaſs, every ſtar in the globe will point toward E F * 
the like ſtar in the heaven: by which means, the“ ty py 
conſtellations and remarkable ſtars may be eaſily i bh 
known. All thoſe ſtars which are in the eaſtern op 
ſide of the horizon, are then riſing in the eaſtern WM 12 
ſide of the heaven; all in the weſtern, are ſetting ny”. 
in the weſtern ſide; and all thoſe. under the upper 
part of the braſen meridian, between the ſouth 
point of the horizon and the north pole, are at 6 bud at 
their greateſt altitude, if the latitude of the place M ; 
be north: but if the latitude be ſouth, thoſe ſtars * 
which lie under the upper part of the meridian, be- Brine 
tween the north point of the horizon and the ſouth Y " 1 
pole, are at their greateſt altitude. ar; th 
0 XII at 
1 PRODUCT. eedian 
The latitude of the place, and day of the month, beg Ty * 
given; to find the time when any known ſtar will te ſigns 


riſe, or be upon the meridian, or ſet. 


| Having rectified the globe, turn it about until 
the given ſtar comes to the eaſtern ſide of the ho- 


rizon, and the index will ſhew the time of che 
wy 6 ſtars Nj 
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us rifing ; then turn the globe weſtward, and 


men the ſtar comes to the braſen meridian, the 
nden will ſhew the time of the ſtar's coming to 


ud the index will ſhew the time of the ſtar's ſet- 
ing. 


x leſs diſtant from the north pole, than the quan- 


bat it is depreſſed below the horizon, -never rife : 
ud vice verſa in ſouthern latitudes. 


f 


PROBLEM v. 


f nd at what time of the year a given far will be 
upon the an. at a given hour of the night, 


Bring the given ſtar to the upper 8 of 
le brals meridian, and ſet the index to the given 


XII at noon, and the upper ſemicircle of the 
deridian will then cut the ſun's place, anſwering 


ly found againſt the like place of the ſun, among 
it ſigas on the wooden horizon. 


PROBLEM 


he meridian of your place; laftly, turn on, until 
he ſtar comes to the weſtern fide of the horizon, 


V. B. In northern latitudes, thoſe ſtars which | 
ity of its elevation above the north point. of the 


horizon, never ſet; and thoſe which are leſs diſtant 
tom the ſouth pole, than the number of degrees 


wur; then turn the globe, until the index points 


bthe day of the year ſougkt; which day may be 


1 
50 


J 
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PROBLEM VI. 


The latitude, day of the month, and * azimuth of 


any known ſtar being given ; ; to find the herr of the 
night. | 


Having reftified the globe for the 1 Zee 
nich, and ſun's place; lay the quadrant of altitude 


to the given degree of azimuth, in the horizon; 


then, turn the globe on its axis, until the ſtar 


comes to the graduated edge of the quadrant; 


and when it does fo, the index will point out the 


hour of the night. 


PR OBLEM VIL 
The latitude of the place, the day of the month, and 


altitude + of any known ſtar, being given; to find 


the hour of the night. 


Redify the globe as in the former problem, 
- gueſs at the hour of the night, and turn the globe 

until the index points at the ſuppoſed hour,; then 
lay the graduated edge of the quadrant of altitude 
over the known ſtar, and if the degree of the ſtar's 


*The number of degrees that the ſun, moon, or any 
ftar, is from the meridian, either to the eaſt or weſt, is called 


its azimuth, 


+ The number of degrees that the ſtar is above the ho. 


rizon, as obſerved by means of a common quadrants? is called 
its altitude. 


2 v 1 4 
* f>* 


height 


Echt in 
wly to 
wde in tl 
if the 


WW; nas obſ 


wkward 
quadrant 
te obſerv 


ider wil! 


me in OG 
lated ed, 
ho "ole 

kaven, 

te other 
Wy ; bu 
uk ward 


be ue of le chm gb. 
Echt in the quadrant upon the globe, anſwers 


wkwards or forwards, keeping the edge of the 
udrant upon the ſtar, until its center comes to 


Windex will ſhew the true time of the night. A 


PR OBLEM VIII. 


h eafy method for finding the hour of the night by 
ay two known ſtars, without knowing either their 
altitude or azimuth , and then, of finding both their 
altitude and azimuth, and thereby the true meri- 


Tie one end of a thread to a common muſket 
lllet ; and, having rectified the globe as above, 
kd the other end of the thread in your hand, 


m heayen, until you find it cuts any two known 
in at once. Then, gueſſing at the hour of the 


me in the hour circle; which done, lay the gra- 
lated edge of the quadrant over any one of theſe 
do ſtars on the globe, which the thread cut in the 
ren. If the ſaid edge of the quadrant cuts 


4 | | upon 


witly to the degree of the ſtar's obſerved alti- 
we in the heaven, you have gueſſed. exactly: 
if the ſtar.on the globe is higher or lower than 
uns obſerved to be in the heaven, turn the globe 
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e obſerved altitude in the quadrant ; and then, the 


ad carry it ſlowly round betwixt your eye and the 
ight, turn the globe until the index points to that 
be other ſtar alſo, you have gueſſed the time ex- 


wh but if it does not, turn the globe ſlowly. 
«wards or forwards, until the quadrant (æept 


The 1ſt cf 'the teleRial gh: 

upon either ſtar) cuts them both through their cenWhhiling to 
ters: and then, the index will point out the exad * Epher 
time of the night; the degree of the horizon, cy þ globe. 
by the quadrant, will be the true azimuth of borhound i 
theſe ſtars from the ſouth ; and the ſtars them. nes to 1 
felves will cut their true altitudes in the quadrant nen me 
At which moment, if a common azimuth compaſi inn, the 
de fo ſet upon a floor or level pavement, that thefts, com 
ſtars in the heaven may have the fame bearing 

upon it (allowing for the variation of the neediel 

as the quadrant of altitude has in the wooden ho 

rizon of the globe, a thread extended over tie 
north and ſouth points of that compaſs will be 7; exp: 
directly in the plane of the meridian : and if 8 
line be drawn upon the floor or pavement, along n ord; 
the courſe of the thread, and an upright wire bl ming thi 
placed in the ſouthmoſt end of the line, the ſua f far ro 

dow of the wire will fall upon that line, when th u in a 


fun is on the meridian, and ſhines * the pave on is 


Kiptic on 


PROBLEM M. _ 7 


To find the place of the moon, or of any planet; ana ; Sn 
thereby to ſhew the time of its riſing, ſouthing, ana b 


ett can 
* | ich the! 


beclipti 
it muſt | 
hanced 
kes alt 
* The place of the moon or planet, as ſeen from thn can 


earth, any pa; 
| cordin P 


Seck i in Parker s or WWeaver's Ephemeris the 
* geocentric place of the moon or planet in the eclip 
tic, for the given day of the month; and, ac- 


We uſb of the colftial gibi, 
wing to its longitude and latitude, as ſhewn by 


* Ephemeris, mark the ſame with a'chalk upon 
þ globe. Then, having rectified the globe, turn 


nes to the eaſtern ſide of the horizon, to the 
mon, the index will ſhew at what time the planet 


js, comes to the meridian, and ſets, in a the _—_ 
wnner as for a fixed ſtar, 215 


1 K O B I. EM X. 
ſo explain the phenomena of the harueſt-moon. - 
In order to do this, we muſt premiſe the fol» 
fear round the ecliptic, he can be but once a 
nr in any particular point of it: and that his 
Winton is almoſt a degree every 24 hours, at a 
tiptic once in 27 days and 8 hours, ſhe advances 


I; degrees in it, every day, at a mean rate. 
That as the ſun goes through part of the 


tic in the time the moon goes round it, the 


Won cannot at any time, be either in conjunction 
th the ſun, or oppoſite to him, in that part of 
tecliptic where ſhe was ſo the laſt time before; 
* muſt travel as much forwarder, as the ſun has 
Wanced in the ſaid time; which being 295 days, 
es almoſt a whole ien. Therefore, 4. The 
don can be but once a year oppoſite to the ſun, 


o 


wund its axis weſtward; and, as the ſaid mark 


nen meridian, and to the weſtern ſide of the ho- 


hing things. 1. That as the ſun goes only once 


In rate, 2. That as the moon goes round the 


lay particulay part of the ecliptic. g. That the 
Y 2 moon 


32g 
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moon is never full but when ſhe is oppoſite to th 
ſun, becauſe at no other time can we fee all th; 
half of her which the ſun enlightens. 6, Th, 
when any point of the ecliptic riſes, the oppoſi 
point ſets. Therefore, when the moon is oppolit 
to the ſun, ſhe muſt riſe at “ ſun-ſet. », Thi 
the different ſigns of the ecliptic, riſe at very dif 
ferent angles or degrees of obliquity with the he 
rizon, eſpecially in conſiderable latitudes ; and th; 
the ſmaller this angle is, the greater is the portic 
of the ecliptic that riſes in any ſmall part of time 
and vice verſa, 8. That, in northern latitudes, 
part of the ecliptic riſes at ſo ſmall an angle wit 
the horizon, as piſces and aries do; and therefor 
a greater portion of the ecliptic riſes in one hou 
about theſe ſigns, than about any of the ref 
9. That the moon can never be full in piſces an 
gries but in our autumnal months, for at no oth 
time of the year is the ſun in the oppoſite fig 
virgo and libra. 

Theſe things premiſed, take 13+ degrees of t 
ecliptic in your compaſſes, and, beginning at pie 
carry that extent all round the ecliptic, markin 


the places with a chalk, where the points of th 


compaſſes ſucceſſively fall. So you will have t 


moon's daily motion marked out for one comple: 


revolution in the ecliptic (according to 5 2 oft 
laſt paragraph.) | 


* This is not always ſtrictly true, becauſe the moon dog 
not keep in the ecliptic, but croſſes it twice every monti 
However, the difference need not be regarded in a gene 


explanation. 
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| Rectify the globe for any conſiderable northern 
vitude, (as ſuppoſe that of London) and then, 
ming it round its axis, obſerve , how much of 
e hour. circle the index has gone over, at the 
ling of each particular mark on the ecliptic; and 
wu will find that ſeven of the marks (which take 
ps much of the ecliptic as the moon moves 
frough in a week) will all riſe ſucceſſively about 
wes and aries, in the time that the index goes 
i Wer two. hours. Therefore, whilſt the moon is 
ns ?1/ces and aries, ſhe will not differ in general 
be two hours in her riſing for a whole. week. 
ln if you take notice of the marks on the op- 
wite ſigns, virgo and libra, you will find that ſe- 
um of them take nine hours to riſe ; which ſhews, 
lat when the moon is in theſe two ſigns, ſhe dif- 
ks nine hours in her riſing within the compaſs of 
geek. And ſo much later as every mark is of 
ting than the one that roſe next before it, ſo much 
ner will the moon be of riſing any day, than ſhe 
w on the day before, in the correſponding part 
i the heaven. The marks about cancer and ca- 
in urn, riſe with a mean difference of time be- 

een thoſe about aries and libra. 

No, although the moon is in piſces and aries 
very month, and therefore muſt riſe in thoſe ſigns 
fithin the ſpace of two hours later for a whole 
ek, or only about 17 minutes later every day 
han ſhe did on the former; yet ſhe is never full 
n theſe ſigns, but in our autumnal months Auguſt 
nd September, when the ſun is in virgo and libra, 
lherefore, no full moon in the year will continue 
T3 | to 
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to riſe ſo near the time of ſun- ſet for a week 0 


ſo, as theſe two full moons * which fall in the 
time of harveſt. | 


In the winter months, the moon is in Miſes and 


x} 


1 txplai 


aries about her firſt quarter; and as- theſe ſign | RE 
riſe about noon in winter, the moon's riſing in 
them paſſes unobſerved. In the ſpring months, tei The © 
moon changes in theſe ſigns, and conſequently fies ule 
at the ſame time with the ſun ; fo that it is im- 101197 
poſſible to ſee her at that time. In the ſummer poducec 
months ſhe falls in theſe ſigns about her third quar- dat eq 
ter, and riſes not until midnight, when her riſing wer the 
is but very little taken notice of; eſpecially as ſhe he axis 
is on the decreaſe. But in the harveſt months ned the « 
is at the full, when in theſe ſigns, and being op- is ann 
poſire to the ſun, ſhe riſes when the ſun ſets, (orf UWays 1 
ſoon after) and fhines all the night. gain in 
In ſouthern latitudes, virgo and libra riſe at as| plated 
ſmall angles with the horizon, as piſces and aries But 
do in the northern; and as our ſpring is at the} wlique 
time of their J it is plain their harveſt full f the 
moons mult fall in virgo and libra; and will there- neridia 
fore riſe with as little difference of time, as outs hut for 
do in piſces and aries. tlittle 
For a fuller account of this matter, I muſt te- paſs 0\ 
fer the reader to my Aſtronomy, in which it is de- u acc 
ſcribed at large, | b the f 
T0: 

round 

from 

ning a 


nterſe. 


\ 
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PROBLEM XI. 


10 explain the equation of time, or difference of time 
between well ROI clocks and true ſun-dials. _ 


The earth's motion on its axis being perfectly 
quable, and thereby cauſing an apparent equable 
notion of the ſtarry heaven, round the ſame axis 
xoduced ' to the poles of the heaven; it is plain 
tat equal portions of the celeſtial equator. paſs 
wer the meridian in equal parts of time, becauſe 
he axis of the world is perpendicular to the plane 
the equator. And therefore, if the ſun kept 
is annual courſe in the celeſtial equator, he would 
lvays revolve from the meridian to the meridian 
gain in 24 hours exactly, as ſhewn by a well re- 
zulated clock. 
But as the ſun moves in the aclipelr,. which is 
blique both to the plane of the equator and axis 
« the world, he cannot always revolve from the 
neridian to the meridian again in 24 equal hours; 
but ſometimes a little ſooner, . and at other times 
little later, becauſe equal portions of the ecliptic 
pals over the meridian in unequal parts of time, 
n account of its obliquity. And chis difference 
6 the ſame in all latitudes. | 
To ſhew this by a globe, make chalk-marks all 
round the equator, and ecliptic, at equal diſtances 
rom one another (ſuppoſe 10 degrees) begin- 
ling at aries or at libra, where theſe two circles 
nterſect each other. Then turn the globe round 
X 4 its 
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and clock are equal. 


longer in the northern half of the ecliptic than in 
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its axis, and you will ſee that all the marks in the nt diffe 
firſt quadrant: of the ecliptic, or from the begin. lf quation 


ning of aries to the beginning of cancer, come 


we ſun- 
ſooner to the braſen meridian than their correſpond- 


ing marks do on the equator: thoſe in the ſecond i The de 
quadrant, or from the beginning of cancer to the 
beginning of /ibra, come later: thoſe in the third Wl Whoe 
quadrant, from libra to capricorn, ſooner ; and thoſe I ud unde 
in the ſouth, from capricorn to aries, later. But de mact 
thoſe at the beginning of each quadrant come to Wl ud muc 
the meridian at the ſame time with their corte. nhoever 
ſponding marks on the equator. by Dr. I 
Therefore, whilſt the ſun is in the firſt an third my, . 
quadrants of the ecliptic, he comes ſooner to the I trial g 
meridian every day than he would do if he kept in WW &{tal, a. 
the equator ; and conſequently he is faſter than a Wi globe, o 
well regulated clock, which always keeps equable WM jd fro 
or equatoreal time: and whilſt he is in the ſecond WM ly dif 


and fourth quadrants, he comes later to the meri- | 
dian every day than he would do if he kept in the 
equator z and is therefore ſlower than the clock. 
But at the beginning of each quadrant, the fun 
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And thus, if the ſun morals equably in the 
ecliptic, he would be equal with the clock on four 
days of the year, which would have equal intervals 
of time between them. But as he moves faſter at 
ſome times than at others, (for he is eight days 


the . 45 thern) this will create a ſecond inequality; 
which combined with the former, ariſing from the 


obliquity of the ecliptic to the equator, Oy 
that 


ut difference, which is ſhewn by the common 
guation tables to be between good clocks and 
me ſun-dials. N e 


17. be deſcription and uſe of the | ermillary ſphere. 


te machine here referred to, is of a very different, 
ad much more advantageous conſtruction, And 
thoever has ſeen the curious glaſs ſphere invented 
Dr. LONG, or the figure of it in his Aſtro- 
umy, muſt know that the furniture of the ter- 
xſtrial globe in this machine, the form of the pe- 
kſtal, and the manner of turning either the earthly 
obe, or the circles which ſurround it, are all co- 
ied from the Doctor's glaſs ſphere ; and that the 
aly difference is, a parcel of rings inſtead of a 
daſs celeſtial globe; and all the additions are a 
noon within the ſphere, and a ſemicircle upon the 
xdeſtal. | „„ 


urcles of the heaven: viz. 1. The equinoctial 
{4, which is divided into 360 degrees (beginning 
s n its interſection with the ecliptic in aries) for 
at bewing the ſun's right aſcenſion in degrees; and 
io into 24 hours, for ſhewing his right aſcenſion 
in n time. 2. The ecliptic BB, which is divided 
'3 so 12 ſigns, and each ſign into 30 degrees, and 
ne iſo into the months and days of the year; in ſuch 
manner, that the degree or point of the ecliptic 

| in 


Whoever has ſeen a common armillary ſpbere, Plate xx. 
ad underſtands how to uſe it, muſt be ſenſible that ** 


The exterior parts of this machine are a com- The armil- 
ages of braſs rings, which repreſent the principal here. 


Of the armillary obere. 
in which the ſun is, on any given day, ſtands 

over that day in the circle of months. 3. The 
tropic of cancer CC, touching the ecliptic at the 
beginning of cancer in e, and the tropic of capri- 


corn DD, touching the echptic at the beginning | 


of capricorn in f'; each 235 degrees from the equi- 
noctial circle. 


ſpective pole at N and S. © 5. The equinoctial co- 
lure GG, - paſſing through the north and ſouth 
poles of the heaven at N and 5, and through the 


equinoctial points in the ecliptic ares and libra, 


6. The. ſolſtitial colure HH, paſſing through the 
poles of the nevi through the ſolſtitia 


points cancer andſ capricorn, in the ecliptic: each 
quarter of the former of theſe colures is divided 


into go degrees, from the equinoctial to the poles 


of the world, for ſhewing the declination of the 
fun, moon, and ſtars 3 and each quarter of the 
latter, from the ecliptic at e and f, to its poles # 
and 4, for ſhewing the latitudes of the {tars. 


In the north pole of the ecliptic is a nut 5, te 
uadrantal wire, 


which is fixed one end of a q | 
and to the other end a ſmall ſun 7, which is car- 
ried round the ecliptic BB, by turning the nut: 
and in the ſouth pole of the ecliptic is a pin d, on 
which is another quadrantal wire, with a ſmall moon 
Z upon it, which may be moved round by hand: 
but there is a particular contrivance for cauſing the 
moon to move in an orbit which croſſes the ecliptic 
at an angle of 5+ degrees, in two oppoſite points 


called the moon's nodes; and alſo for ſhifting theſe | 


points 


4. The arctic circle E, and the 
antarctic circle F, each 23+ degrees from its re- 
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 ift in the heaven. 
Within theſe circular rings is a ſmall terreſtrial 


gobe J, fixt on an axis KK, which extends from 
be north and ſouth poles of the globe at and 3, 


o thoſe of the celeſtial ſphere at M and 8. On 
his axis is fixt the flat celeſtial meridian LL, 
ich may be ſet directly over the meridian of any 
ace on the globe, and then turned round with 
de globe, ſo as to keep over the ſame meridian 
pon it. This flat meridian is graduated the ſame 


nd its uſe is much the ſame. To this globe is 


r 


pon two ſtrong wires proceeding from its eaſt and 


9 Wy hand within this ring, ſo as to place any given 

neridian upon it, directly under the celeſtial me- 
te WF idian LL. The horizon is divided into 360 
egrees all around its outermoſt edge, within which 


mplitude of the ſun and moon, both in degrees 
nd points. The celeſtial meridian L paſſes 
hrough two notches in the north and ſouth points 
if the horizon, as in a common globe: but here, 
f the globe be turned round, the horizon and 
neridian turn with it. At the ſouth pole of the 
bhere is a circle of 24 hours, fixt to the rings, 


and 


ny as the braſs meridian of a common globe, 
ited the moveable horizon MM, ſo as to turn 
reſt points to the globe, and entering the globe 
es ¶ i oppoſite points of its equator, which is a move- 


ne Wi ble braſs ring let into the globe in a groove 
ne i around its equator. The globe may be turned 


te the points of the compaſs, for ſhewing the 


331 


pints backward i in the ee as the moon 5 nodes 


and on the axis is an index which goes round that 
circle, if the globe be turned round its axis. 
The whole fabric is ſupported on a pedeſtal N, 
and may be elevated or depreſſed, upon the joint O, 
to any number of degrees from © to go, by means 
of the arc P, which is fixed into the ſtrong braſs 


arm Q, and flides in the upright piece R, in | 


which is the ſcrew r, to fix it at any proper ele- 
vation. *% 
In the box T are two wheels, and two pinions 


' Whole axes come out at and U; either of which 


may be turned by the ſmall winch /. When the 
winch is put upon the axis /, and turned back- 


ward, the terreſtrial globe, with its horizon and | 


celeſtial meridian, keep at reſt; and the whole 
ſphere of circles turns round from eaſt, by ſouth, 


to welt, carrying the ſun J, and moon Z, round 
the ſame way, and cauſing them to riſe above and | 
But when the winch is put 


ſet below the horizon. 
upon the axis Ui and turned forward, the ſphere 
with the ſun and moon keep at reſt; and the earth 
with its horizon and meridian turn round from 


weſt, by ſouth, to caſt ; and bring the ſame point 


of the horizon to the ſun and moon, to which theſe 
bodies came when the earth kept at reſt, and 


they were carried round it; ſhewing that they riſe 
and ſet in the ſame points of the horizon, and at 


the ſame times in the hour circle, whether the mo- 
tion be in the earth or in the heaven, If the earth 
be turned, . the hour index goes round its Circle ; 
but if the ſphere be turned, the hour circle goes 
round below the index. 

And 
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Of the armillary ſphere. 

And fo, by this conſtruction, the machine is 
equally fitted to ſhew either the real motion 1 of the 
earth, or the apparent motion of the heaven. 

To rectify the ſphere for uſe, firft ſlacken the 
crew 7 in the upright ſtem R, and taking hold of 
the arm Q, move it up or down until the given 
degree of latitude for any place be cut by the 
tem R; and then the axis of the ſphere will be 
xoperly elevated, ſo as to ſtand parallel to the axis 
of the world, if the machine be ſet north and ſouth 
by a ſmall compaſs : this done, count the latitude 
from the north pole, upon the celeſtial meridian 
LL, down towards the north notch of the horizon, 
and ſet the horizon to that latitude ; then, turn 
the nut 4 until the ſun Y comes to the given day 
of the year in the ecliptic, and the ſun will be at 
its proper place for that day: find the place of the 
moon's aſcending node, and alſo the place of the 
moon, by an Ephemeris, and ſet them right ac- 
cordingly: laſtly, turn the winch , until either 


the ſun comes to the meridian LL, or until the 


meridian comes to the ſun, (according as you 
vant the ſphere or earth to move) and ſet the hour 
index to the XII, marked noon, and the whole 
machine will be rectified.— Then turn the winch, 
and obſerve when the ſun or moon riſe and ſet in 
the horizon, and the hour index will ſhew was 
times thereof for the given day. 

As thoſe who underſtand the uſe of the lobes 
will be at no loſs to work many other problems by 
this ſphere, it ſeems needleſs to enlarge any farther 
pon it. 

LECT. 
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Dial is a plane, upon which Boes are deſcribed “ XII. 

in ſuch a manner, that the ſhadow of a wire, Thoſe 
or of the upper edge of another plane, erected per. ile, anc 
pendicularly on the former, may ſhew the true p degre 
time of the day. parks t! 
The edge of the plane by which the time * the es: an 
day is found, is called the ſtile of the dial, which lal, are 
is always parallel to the earth's axis; and the line In all 
on which the ſaid plane is erected, 18 N the je with 


ſubſtile, 
The angle included between the ſubſtile and 
ſtile, is called the elevation, or height of the ſtil. 


Thoſe dials whoſe planes are parallel to the 
plane of the. horizon, are called horizontal dials; 
and thoſe dials whoſe planes are perpendicular to 
the plane of the horizon, are called vertical, or 


erect dials. 


Thoſe erect dials, whoſe planes directly front 
the north or ſouth, are called dire& north or ſouth 


alled th 
lan, 
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dials; and all other erect dials are called declmers, If the 
becauſe their planes are turned away from the north allow, 
or ſouth. br divic 

Thoſe dials whoſe planes are neither parallel nor lan ſem 
perpendicular to the plane of the horizon, are i the ge 
called inclining, or reclining dials, according as s Lond 
their planes make acute or obtuſe angles with che ) and i 
horizon ; and if their planes are alſo turned aſide quator, 


from 
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am facing the ſouth or NG they are called . 
tclining · inclining, or declining-reclining dials. - _ 

The interſection of the plane of the dial, with 
lat of the meridian, paſſing through the ſtile, is 
alled the meridian of the dial, or the GY 
(ITE 6 54.52) 
Thoſe meridians, whoſe planes wt Fee < 
file, and make angles of x5, 30, 45, 60, 75, and 
p degrees with the meridian of the place, (which 
rarks the hour-line of XII) are called hour-cir- 
les: and their interſections with the plane of the 
ial, are called hour-lines. | 

In all declining dials, the ſubſtile maker an an- 
le with the hour-line of XII; and this angle is 
alled the diftance of the ſubſtile from the meri- 
The declining plane's difference of longitude, 
the angle formed at the interſection of the tile 
ad plane of the dial, by two meridians ; one of 
mich paſſes through the hour-line of XII, and 
te other through the ſubſtile. N | 

This much being premiſed concerning dials in general, 
te ſball now proceed to explain the different met bods 
f their conſtruction. 

If the whole earth a Pep were tranſparent, Aud ene xx. 
ollow, like a ſphere of glaſs, and had its equa- re 6 
br divided into 24 equal parts by ſo many meri- 
lan ſemicircles, 2, B, c, d, e, f g, &c. one of which The unit 
i the geographical meridian of any given place, aple * 
8 London, (which is ſuppoſed to be at the point which diat- 
U and if the hours of XII were marked at the pd. 
quator, both upon that meridian and the oppoſite 

„ one, 


„ a ; 
one, and all the reſt of the hours in order on "ll 
reſt of the meridians, theſe meridians would bf 
the hour-circles of London : | then, if the ſphe f 
had an opake axis as PEp, terminating f in thi 
poles. P and p, the ſhadow of the axis would fa . 
upon every particular meridian and hour, when th 
ſun came to the plane of the oppoſite meridian, an 
would conſequently ſhew the time at London, and a ; 
Other places on the meridian of London. ö 
8 If this ſphere was cut through the middle by 
ſolid plane AB CD, in the rational e 5 
London, one half of the axis EP will be aboy , 
the plane, and the other half below it; and 
ſtraight lines were drawn from the center of thi 
plane, to thoſe points where its circumference iff 
cut by the how i- circles of the ſphere, theſe line 
would be the hour-lines of a horizontal dial fog 
London: for the ſhadow of the axis would fallff 
upon each particular hour-line of the dial, whe 8 
it fell upon the like hour circle of the ſphere. } 
If the plane which cuts the ſphere be upright} 
as AFCG, rouching the given place (London) a 
F, and directly facing che meridian of London, 1 
will then become the plane of an erect direct ſoutlf 
dial: and if right lines be drawn from its centel 
E, to thoſe points of its circumference where th 
hour-circles of the ſphere cut it, theſe will be th 
hour-lines of a vertical or direct ſouth dial fol 
London, to which the hours are to be ſet as in th 
figure, (contrary to thoſe on a horizontal dial) and 
the lower half Ep of the axis will caſt a ſhado 


on the hour of the day in this dial, at the ſame 
| tim 
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"os ala 337. 
Sine chat i it would fall upon the like hour-circle: HORS: 
che ſphere, if the dial-plane was not in the way. 
If the plane (ſtill facing the meridian) be made uctining 
) incline, or recline, any given number of degrees; 2 
e hour · circles of the ſphere will ſtill cut the edge : 
{ the plane in thoſe points to which the hour-lines. 
auſt be drawn ſtraight from the center; and the 
is of the ſphere will caſt a ſhadow on theſe lines 
t the reſpective hours. The like will ſtill hold, 
f the plane be made to decline any given number, Declining 
ff degrees from the meridian, towards the eaſt or 44. 
Weſt : provided the declination be leſs than go de- 
rees, or the reclination be leſs than the SAR e 
| if the place: and the axis of the ſphere will be 
z gnomon, or ſtile, for the dial. But it cannot, 
yben the declination is quite go degrees, nor when | 
he reclination is equal to the co-latitude ; becauſe 
in theſe two caſes, the axis has no elevation above 
the plane of the dial. 
And thus it appears, that the plane of every 40 
ann the plane of ſome great circle upon the 
and the gnomon the earth's axis, whether 
it The , ſmall wire, as in the above figures, or the 
2 of a thin ov as in | the common horizontal 
als. 
The whole earth, as to its bulk, is > but a point 
if compared to its diſtance from the ſun: and 
therefore, if a ſmall ſphere of glaſs be placed 
upon any part of the earth's ſurface, ſo that its 
axis be parallel to the axis of the earth, and the 
ſphere have ſuch lineg upon it, and ſuch planes 
Within it, as above Knded; ; it will ſhew the 
; Z hours 


* 
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Dialing by A common globe, of twelve inches diameter, has | 


aue ghbe ſueh a globe be elevated to the latitude of any given 


Of aahng, 
hours of the day as truly as if it were placed in 
| the earth's center, and the a of the earth were 
as tranſparent as glaſs. _ 

But becauſe it is impoflible to jj ny a Hollow 
ſphere of glaſs perfectly true, blown round a ſolid 
plane; or if it was, we could not get at the plane 
within the glafs to ſet it in any given Poſition; we 
make uſe of a wire-ſphere to explain the princi- 
ples of dialing, by joining 24 ſemicircles together 
at the poles, and putting a a thin flat plate of braſs 


within it, 


generally 24 meridian ſemicircles drawn upon it. Is 


place, and turned about until any one of theſe 
meridians cuts the horizon in the north point, 
where the hour of XII is fuppoſed te be marked, 
the reſt of the meridians will-cut the horizon at | 
the reſpective diſtances of all the other hours from 
XII. Then, if the globe be taken out of the 
| horizon, and a flat board or plate be put into its 
place, even with the ſurface of the horizon; and 
if ſtraight lines be drawn from the center of the 
board, to thoſe points of the horizon which were 
cut by the 24 meridian ſemicireles, they will be 
the hour-lines of a horizontal dial for that latitude, 
the edge of whoſe gnomon muſt be in the very' 
ſame ficuation that the axis of the globe was, be- 
fore it was taken out of the horizon: that is, the 
gnomon muſt make an angle with the plane of the 


dial, equal to the latitude A4 the place ſor which 
the dial is made. : - 
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I the pole of the globe be elevated to the ® 0 
Initude of the given place, and any 8 07 be 
brought to the north point of the Horizon, the reſt 
of the meridians will> cut the horizon in the rer 
ſpective diſtances of all the hours from XII, for 
i direct ſouth dial; whoſe ghomon muſt make an | 
ugle with the plane of the dial, equal to the co- "OM 
latitude” of the place: and the hours muſt be ſet | [| 
the contrary way on this dial, to wide they are on | 
the horizontal, BY 
But if your globe have more than 24 meridian 


las fmicircles upon it, you muſt take the following 

It Wl method for making horizontal and ſouth dials, 

en Elevate the pole to the latitude of your place, To con- 
cle WE nd turn the globe until any particular meridian 8 2 5 
it; Wl (uppoſe the firſt) comes to the north point of the da. 

d, bonzon, and the oppoſite meridian will cut the 

at i torizon in the ſouth. Then, ſet the hour- index 

Mm I © the uppermoſt XII on its circle; which done, 

he tur the globe weſtward until 15 degrees of the 

its equator paſs under the braſen meridian, and then 

nd de hour- index will be at I (for the ſun moves 13 

he degrees every hour) and the firſt meridian will cut 

dre de horizon in the number of degrees from the 

be WM corth point, that I is diſtant from XII. Turn on, : 
le, until other 15 degrees of the equator paſs under 

TY WE tie braſen meridian, and the hour-index will then 

- be at II, and the firſt meridian will cut the ho- 

ws * If the latitude be ſubtracted from go degrees, the re- 


minder is called the co-latitude, or complement of the la- 
* = 
N ü 1 rizon 
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rizon in the number of degrees that II is diſtine 


from XII: and fo, by making 15 degrees of the 
equator paſs under the braſen meridian for every 
hour, the firſt meridian of the globe will cut the 
horizon in the diſtances of all the hours from XII 
to VI, which is juſt 90 degrees; and then you 
need go no farther, for the diftances of XI, X, 
FX, VII, VII, and VI, in the forenoon, are the 
fame from XII, as the diſtances of I, II, III, IV, 
V, and VI, in the afternoon : and theſe hour-lines 
continued through the center, will give the op- 


poſite hour-lines on the other half of the dial: but 


no more of theſe need be drawn, than what anſwer 


to the ſun's continuance above the horizon of your 


place on the longeſt day, which may be eaſily 
found by working the 26th problem of the fore- 
going lecture. ”” 
Thus, to make a horizontal dial for the latitude | 
of London, which is 51+ degrees north, I elevate 
the north pole of the globe 514 degrees above the 
north point of the horizon, and then, turn the} 


globe until the firſt meridian (which is that of | 
London on the Engliſh terreſtrial globe) cuts the 


north point of the horizon, and ſet the hour-index 
to XII at noon. 
Then, turning the globe weftward until the in- 


dex points fucceſſively to I, II, III, IIII, V, and 


VI, in the afternoon; or until 15, 30, 43, 60, 


735, and go degrees of the equator paſs under the 


braſen meridian; I find the firſt meridian of the 


globe cuts the horizon in the following numbers of 
degrees from the north towards the eaſt, vz. 117, 
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L; MY 53%, 71>, and 9o; which are the 
. diſtances of the above hours from * 
upon the plane of the horizon. 

To transfer theſe, and the reſt of the havin, to plate >< 
1 horizontal plane, draw the right lines ac and 2d Fig. 1. 
upon that plane, as far from each other as is equal 
to the intended thickneſs of the gnomon or ſtile 
of the dial, and the ſpace included between them 
will be the meridian or twelve o'clock line on the 
dial, Croſs this meridian at right angles with the 
fix o'clock: line g, and ſetting one foot of your 
compaſſes in the interſection a, as a center, deſcribe 
the quadrant ge with. any convenient radius or 
opening of the compaſſes : then, ſetting one foot 
in the interſection 3, as a center, with the ſame 
radius deſcribe the quadrant fh, and divide each 
quadrant into 90 equal parts or degrees; as 1n the 
figure, | 

Becauſe che bannen are leſs diſtant from each 
other about noon, than in any other part of the 
dal, it is beſt to have the centers of theſe qua- 
rants at a little diſtance from the center of the 
dial- plane, on the ſide oppoſite to XII, in order 
to enlarge- the hour diſtances thereabouts, under 
the ſame angles on the plane. Thus, the center 
of the plane is at C, but the centers of the qua 
drants are at a and 5. | 

Laying a ruler over the point b, (and keeping it 
there for the center of all the afternoon hours in 
the quadrant %) draw the hour-line of I through 
115 degrees in the quadrant ; the hour-line of II, 
rough 247 denne of III, through 38 72 de- 


23 | grees; 


ger THT. a 5923 and 4 V erough 7: 
and becauſe the ſun rifes about four in the. Won 
ing, on tlie longeſt days at London, continue the 
hour lines of IIII and Vi the afternoon; through 
the center to the oppoſite ſide of the dial. This 
done, lay the ruler to the center a of the quadrant 
eg, and through the Hke diviſions or degrees of 
” that" quadrant, wiz. 113, 244 38 U, 63, and 
71 draw the forenoon hour- lines or XI, X, 
IX, VIII, and VII; and becauſe the fun ſets not 
befote eight in the evening on the longeſt days, 
continue the hour- lines of VII and VIII in the fore- 
noon, through the center 4, to VII and VIII in 
the afternoon; and all the hour. lines will be finiſhed 
on chis dial; Foo: which the” Hours _ 'be oh 23 
min the figure. N 

Laſtly, t . 514 F of Ab 3 
450 from its center, draw the right line ag for the 
hypothenuſe or axis of the gnomon gi; and from | 
, let fall the perpendicular gi, upon the meridian | 
line ai, (called alſo the ſubſtile) and there will be 
a triangle made, whoſe ſides are ag, gi, and ia. 
If this triangle be made a plate as thick as the | 
diſtance between the lines ac and hd, and ſet up- 
right between them, touching at a and b, its hy- 
pothenuſe ag will be parallel to the axis of the 
world, when the dial is truly ſet; ws will caſt a 
OW on the hour of the day. : 

NM. B. The trouble of dividing Em two qua | 
drants may“ be ſaved, if you have a ſcale with 4 
lite of chords upon it; ſuch as that on the right 


Fuck Ki the BOW” for if * extend the com- 
paſſes 


/ 
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paſſes fram 0:20 60 degrees on che fine of chords, 
ud, with that; extent as a radius, deſeribe the two 
nts upon their reſpective centers, the above, | 
— be taken with the compaſſes eee | 
line, and ſet off upon the quadrants. „ d te 

. To. make, an eredt dire# ſouth dial. Elevate the Fig: * 
pile to the co-latitude of your place, and proceed ud as 
in all reſpects as above taught for the horizontal fu 
dial, from. VI in che morning to VI ia the after 
goon; only the hours muſt be reverſed, as in the 
figure 3: and the hypothenuſe ag, of the gnomon 
„, muſt make an angle with the dial · plane equal - 
o the co-latitude of the place. As the ſun can 
ſhine no longer on this dial, than from ſix in the 
morning; until ſix intthe evening, there is no oc 
cation for having 3 more chan twelve kours upon 
15 8 1947 85 

7 make un es af, 5 dakar Hom the fouth To ton» 
tnuards: the eaſt or -weſt, Elevate the pole to the 5 fle. 
ltitude;-of your place, and ſcrew. the quadrant i dia. 
of altitude to the zenith. Then, if your dial de- 
cines toward the eaſt (which we ſhall ſuppoſe it to 
do at preſent) count in the horizon the degrees of 
declination, from the eaſt point towards the north, 
and bring the lower end of the quadrant... to that 
degree of declination at which the reckoning. ends. 
This done, bring any particular meridian. of your 
globe (as ſuppoſe the firſt meridian) directly under 
the graduated edge of the upper part of the braſen 
meridian, and ſet the hour-index to XII at noon, 
Then, keeping the quadrant of altitude at the de · 
Fa of declination | in the horizon, turn the globe 

24 eaſtward 


* 


eeaſtwardd on its Og 1 43 the degrees cut 
* by che firſt meridian in the quadrant of altitude 
(counted from the zenith) as the hour - index comes 
10 XI, X, IX, &c. in the forenoon, or as 15, 30, 
43, &c. degrees of the equator paſs under the braſen 
meridian at theſe hours reſpectively; and the degrees 
then cut in the quadrant by the firſt meridian, are 
the reſpective diſtances of the forenoon hours 
from XII on the plane of the dial.— Then, for 
the afternoon hours, turn the quadrant of altitude 
round the zenith until it comes to the degree in 
the horizon oppoſite to that where it was placed 
before; namely, as far from the weſt point of the 
ent toward the ſouth, as it was ſet at firſt from 
the eaſt point toward the north; and turn the globe 
weſtward on its axis, until the firſt meridian comes 
to the braſen meridian again, and the hour: index 
to XII: then, continue to turn the globe weſtward, | 
and as the index points to the afternoon hours I, 
II, III, &c. or as 13, 30, 45, &c. degrees of the 
equator paſs under the braſen meridian, the firſt 
meridian will cut the quadrant of altitude in the 
reſpective number of degrees from the zenith, that | 
each of theſe hours is from XII on the dial. And 
note, that when the firſt meridian goes off the 
quadrant at the horizon, in the forenoon, the hour- 
index ſhews the time when the ſun will come upon 
this dial: and when it goes off the quadrant in 
the afternoon, the index will point to the time 
when the ſun goes off the dial. 
Having thus found all the hour- diſtances from | 

XII, lay them down upon your dial-plane, either 


by | 


makes an angle with the twelve o' clock line, and 
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by diwiding a ſemicircle inta two quadrants of go 


e each, (beginning at the hour- line of * 


or by the line of chords, as above directed. 
In all declining dials, the line on which th ſtile 
or gnomon ſtands (commonly called the ſubſtile- line) 


falls among the forenoon hour- lines, if the dial de- 


clines towards the eaſt; and among the afternoon 


hour - lines, when the dial declines towards the weſt: 
that is, to the left hand from the twelve o'clock 
line in the former caſe, and: to the * Guat n 
it in the latter. 

To find the ene of the ſubſtile Gout the 
— o'clock line; if your dial declines from the 
ſouth toward the eaſt, count the degrees of that 
declination in the horizon from the eaſt point 
toward the north, and bring the lower end of the 
quadrant of altitude to that degree of declination 
where the reckoning ends: then, turn the globe 
until the firſt meridian cuts the horizon in the like 
number of degrees, counted from the ſouth point 
toward the eaſt; and the quadrant and firſt meri- 
dian will then croſs one another at right angles, 
and the number of degrees of the quadrant, which 
are intercepted between the firſt meridian and the 
zenith, is equal to the diſtance of the ſubſtile- 


line from the twelve o'clock line; and the number 


of degrees of the firſt meridian, which are inter- 
cepted between the quadrant and the north pole, 


is equal to the en of the ſtile above the 


. of the _—_ | 


1818 4 


= 


x 
If the dial , declines weſtward from the fouth, 
countichat.:declination:; from the eaſt point of the 
horizon towards the ſouth, and bring the quadram 
of altitude to the degree in the horizon at which 


| the reckoning ends; both for finding the forenoon 
hours, and diſtance of the ſubſtile from the meris 


dian: and for the aſternoon hours, bring the qua · 
drant to the oppoſitè degree in the horizon, namely, 


as far from the weſt towards the eee and then 


proceed in all reſpects as above. 
Thus, we have finiſſied our declining dial; and 
in ſo doing, we made four dials, viz. | 
r. A north dial, declining eaſtward he ſame 
number of degrees. 2. A north dial, declining 


welt the ſame number. 3. A ſouth dial, declin- 


ing eaſt. And, 4; a ſouth dial declining weſt. 
Only, placing the proper number of hours, and 


the ſtile or gnomon reſpectively, upon each plane: 


For (as above-mentioned) in the ſouth-welt plane; 


the ſubſtilar-line falls among the afternoon hours; 
and in the ſouth-eaſt, of the ſame declination, 


among the forenoon hours, at equal diſtances from 


XII. And ſo, all the morning hours on the weſt 


decliner will be like the afternoon hours on the 
eaſt decliner: the ſouth-eaſt: decliner will pro- 
duce the north weſt decliner; and the ſouth-weſt 
decliner, the north-eaſt decliner, by only extend - 
ing the hour-lines, ſtile and ſubſtile, quite through 
the center: the axis of the ſtile, (or edge that 
daſts the ſhadow on the hour of the day) being in 


all dials whatever parallel to the axis of the 


world, and conſequently pointing towards the Per 
ea | PO C 


LS 
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of 1 
of the heaven in north latitudes, and towards 
the ſouth pole, in ſouth Wann. _ more F' this 
jy the following lecture. 1 

But becauſe every one whO oaks likeis ben ws af 
x dial; may perhaps not be provided with a globe mag 
to aſſiſt him, and may probably not underſtanding of dab. | 
the method of doing it by logarithmic caleula- 
tion; we ſhall ſhew how to perform it by the plain 
dialing lines, or ſcale of latitudes and hours; ſucty. 
as thoſe on the right hand of Fig. 4. in Plate XXI, 
or at the top of Plate XXII, and which may be | 
had on ſcales commonly fold by the mathematical | 
inſtrument makers. 

This is the eaſieft of all cee en 
and by much the beſt, when the lines are truly 
divided : and not only the half hours and quarters | 
may be laid down by all of them, but every fifth | 
minute by moſt, and every ſingle minute wy Gels: 4 
where the line of hours is a foot in length. 

| Having drawn your double meridian 150 5 Fig. 2. 
cd, on the plane intended for a horizontal dial, 
and croſſed it at right angles by the ſix o'clock 
lne fe, (as in Fig. 1.) take the latitude of your 
place with the compaſſes, in the ſcale of latitudes, . 
and ſet that extent from c to e, and from a to f, 
on the ſix o'clock line: then, taking che whole ſix 
hours between the points of the compaſſes in the 
ſcale of hours, with that extent ſet one foot in the 
point c, and let the other foot fall where it will 
upon the meridian line cd, as at d. Do the ſame 
from f to i, and draw the right lines ed and fb, 
each of which / will be equal in a length to the 

whole 
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whole ſcale. of hours. This done, ſetting one 
foot of the compaſſes in the, beginning of the 
ſcale at XII, and extending the other to each hour 
on the ſcale, lay off theſe extents from d to e for the 
| afternoon hours, and from & to 7 for thoſe of the 
forenoon: this will divide the lines 4e and bf in 
the ſame manner as the hour-ſcale is divided, at 
I, 2, 3, 4, and 65 on. which the quarters may alſo 
be laid down, if required. Then, laying a ruler 
on the point c, draw the firſt five hours in the af- 
ternoon, from that point, through the dots at the 
numeral figures 1, 2, 3, 4, 5, on the line de; and 
continue the lines of III and V through the center 
c to the other ſide of the dial, for the like hours of 
the morning: which done, lay the ruler on the 
point 2, and draw the laſt five hours in the fore- 
noon through the dots Gy 4, 3, 2, 1, on the line 
F; continuing the hour-lines of VII and VIII 
N the center à to the other ſide of the dial, 
for the like hours of the evening; and ſet the hours 


| ; to their reſpective lines, as in the, figure. Laſtly, 


make the gnomon- the ſame way as taught above 
for the ee dial ; and the whole will be * 
iſhed, | 
To make an erect Py dial, hs the co- ati 
tude of your place from the ſcale of latitudes, and 


then proceed in all reſpects for the hour- lines, as | 

in the horizontal dial; only reverſing the hours, as 

in Fig. 2; and making the angle of the ſtile's 

height equal to the co- latitude. 

I have drawn out a ſet of dialing lines upon the 

top of the 22d Plate, large enough for CS + 
ia 
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dal of 9 inches diameter, or more inches if re- 
quired ; and have. drawn them tolerably exact for 
common practice, to every quarter of an hour. 
This ſcale may be cut off from the plate, and paſted 
on wood, or upon the inſide of one of the boards 
of this book; and then it will be ſome what more 
exact than as it is on the plate, for, being rightly 
divided upon the copper- plate, and printed off on 
wet paper, it ſhrinks as the paper dries: but when 
it is wetted again, it ſtretches to the ſame ſize 
as when newly printed ; and if palted” © on Spee 
wet, it will remain of that ſize afterward. 4 

But left the young tyro ſhould have either lobe 
nor wooden ſcale, and ſhould tear or otherwiſe ſpoil 
the paper one in paſting, we ſhall now ſhew him 
how-he may make a dial without any of theſe helps. 
Only, if he has not a line of chords, he muſt divide 
2quadrant into 90 equa] parts or degrees for taking 
the proper angle of the ſtile's Clevation's which i is 
eaſily done. | 


With any opening of the pe as Z L, de- Fig. 4. 


ſcribe the two ſemicircles L Fk and L 9k, upon 


the centers Z and z, where the fix o'clock line Fe 
croſſes the double meridian line; and divide each 4. 


ſemicircle into 12 equal parts, beginning at L 
(though, ſtrictly ſpeaking, only the quadrants from 
L to the fix o'clock line need be divided :) then 
connect the diviſions which are equidiſtant from L, 
by the parallel lines K M, IN, HO, GP, and F 2, 
Draw / Z for the hypothenuſe of the ſtile, making 
the angle YZ E equal to the latitude of your place; 
and Continue the line YZ to R. Draw the line R 
vs parallel 


of dialing. 


| parallel to the ſix o'clock: line, and ſet 'off the di- 


ſtance at K from Z to , the diſtance 47 from 7 
to A, cH from Z to V, d from Z to 7, and eg 
from Z to S. Then draw the lines Ss, Tt, Nu, 
Xx, and Z), each parallel to Rr. Set off the di- 


ſtance y7 from à to 11, and from F to 1; the di- 


ſtance x X from 5 to 10, and from g to 2; wW 


from c to 9, and from 5 to 3; tT from d to 8, 


and from i to 4; 38 from e to 7 and from # to 
5. Then laying a ruler to the center Z, draw the 
forenoon hour-lines through the points 11, 10, 9, 
8, 7; and laying it to the center z, draw the after. 
noon lines through the points 1, 2, 3, 4, 5; con- 
tinuing the forenoon lines of VII and VIII through 
the center Z, to the oppoſite ſide of the dial, for 
the like afternoon hours; and the afternoon lines 
IIII and V through the center 2 to the oppoſite 
ſide for the like morning hours. Set the hours to 
theſe lines as in the figure, and then erect the ſtile 


or gnomon, and the horizontal dial will be fi- 
niſhed. 


| To conſtruct a ſouth dial, draw the line / Z, 
making an' angle with the meridian Z L equal to 
the co- latitude of your place; and proceed in all 
reſpects as in the above horizontal dial for the ſame | 
latitude, reverſing the hours as in Fig. 2, and 


making the elevation of the gnomon equal to the 


co-latitude. / 
Perhaps it may not be unacceptable to explain 


the method of conſtructing the dialing lines, and 


ſome others; which j is as follows. 


With | 
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With any opening of the compaſſes, as EA, ic- Pl. X. 
cording to the intended length of the ſcale, deſcribe 2 
the circle ABCD, and croſs it at right angles bß | i; 
he diameters A EC and BED: Divide the qua- | 
drant AB farſt into g equal parts, and then each „ 
part into 103 ſo ſhall the quadrant be divided into pia e | 
go equal parts or degrees. Draw the right line 3 
AFB for the chord of this quadrant, and ſetting 
one foot of the compaſſes i in the point A, extend the 
other to the: ſeveral diviſions of the quadrant, and 
transfer theſe diviſions to the line AFB- by the 
arcs 10 10, 20 20, &c. and this will be a line of 
chords, divided into go unequal parts: which, if 
transferred from the line back again to the qua- 
drant, will divide it equally. Ir is plain by the 
igure that the diftance from A to 60 in the line of 
chords, is juſt equal to AE, the radius of the circle 5 
tom which that line is made; for if the arc 60 60 
be continued, of which A is che center, it goes ex- 
y through the center E of the arc AB. 
And therefore, in laying down any number of 
(egrees. on a circle, by the line of chords, you 
muſt firſt open the compaſſes ſo, as to take in juſt 
60 degrees upon that line, as from A to 60 ; and 
then, with that extent as a radius, deſcribe a circle, 
wich will be exactly of the ſame ſize with that from 
Which the line was divided: which done, ſet one 
bot of the compaſſes in the beginning of the chord- 
he, as at A, and extend the other to the number 
if degrees you want upon the line; which extent, 
oplied to the circle, will include the like number 


i degrees upon it. 


| 
| 
| 
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| 
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Divide 


* 3 — * 


a * 1 
6 + 
* 


from each point of diviſion draw right lines, as i, 


aſſiſt in drawing the line of latitudes; For, if a 
ruler be laid upon the point D, and over each di- 


compaſſes from B, and ſet upon this line in the 


| quarters, 


| of dialing. 
Divide the quadrant CD into 9o equal parts, and 


k, 1, &c. to the line CE, all perpendicular to that 
line, and parallel to DE, which will divide EC 


into a line of ſines; and although theſe are ſeldom 


put among the dialing lines on a ſcale, yet they 


viſion in the line of ſines, it will divide the qua- 
drant BC into go unequal parts, as Ba, Bb, &c. 
ſhewn by the right lines 104, 206, 3oc, &c. drawn 
along the edge of the ruler. If the right line BC 
be drawn, ſubtending this quadrant, and the near- 
eſt diſtances Ba, Bb, Bc, &c. be taken in the 


ſame manner as directed for the line of chords; 
we have a line of latitudes BC, equal in length to | 
the line of chords AB, and of an equal number of 
diviſions, but very unequal as to their lengths. 

Draw the right line DG A, ſubtending the qua - WI + 
drant D A, and parallel to it draw the right line | 
rs, touching the quadrant DA at the numeral fi- 
gure 3. Divide this quadrant into ſix equal parts, 
as 1, 2, 3, &c. and through theſe points of diviſion 
draw right lines from the center E to the line 75, 
which will divide it at the points where the fix 
hours are to be placed, as in the figure. If every 
ſixth part of the quadrant be ſub-divided into four 
equal parts, right lines drawn from the center 
through theſe points of diviſion, and continued to 
the line 75, will divide each hour upon it into 


I 
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d In Fig. 2, we have the repreſentation of a Por- Fig. . 
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i, able dial. Which may be cally. drawn on a card, » - waa 


ind carried in a pocket: k, The lines ad, ab,” 

and ac. of the gnomon are cut quite through the” 
cad; and as che end a4 of the gnomon is raiſe 
occaſionally above the plane of the dial, it turns, 
i it were, upon the uncut line cd. The line AB 


is put through the ſlit, and has a knot tied behind, 
o keep it from being eaſily drawn out. On the 
other end of this thread is a ſmall plummet P, and 
on the middle of it a ſtall bead for ſhewing the 
hour of the day, 


he Ml - To rectify this dial, ſet the thread in the lit, 
he riht againſt the day of the month, and ſtretch the 
's; Wl thread from the day of the month over the angular 
to Wl point where the curve lines meet at XII, then 


hint the bead to that Point on the thread, and the 
dil will be rectified. 


(20 matter how much or how little) and hold the 


fi- edge of the dial next the gnomon towards the ſun, 
rts, b as the uppermoſt edge of the ſhadow of the gno- 
ion Wl mon may juſt. cover the Jpadom: line and the bead 
rs, ben playing freely on the face of the dial, by the 
ix weight of the plummet, will ſhew the time of the 
ery Wl ay. among the hour-lines, as it is forenoon « or 
our Ml afternoan, . - 


Jo find the dn of 1 and ſetting, move 
te thread among the hour-lines, until it either 
vers ſome one * them, or lies parallel betwixt 
ay two; and then it will cut the time of ſun-, 
Aa _ riſing 


is lit quite through the card, and the thread 8 


To find the hour of the day, A the gnomon 


* 
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Fig. 3. 


from 3 of the Teen over the pa point 


oy the center 4, deſcribe. the arch RS 7, and 


Of n 


FOR among the forenoon hours, and: of ſun-ſetting 


ong the afternoon-hours, for that day of the 
po to which the thread is ſet in the ſcale of 
months. 
To find the fun? 's Jechio lon, Arerch the FEAR 


T0 find on what days the ſun enters the fg: 
when the bead, as above rectified, moves along 
any of the curve lines which have the ſigns of the 
zodiac marked upon them, the ſun enters thoſe 
ſigns on the days pointed out by the thread in the 
ſcale of months. 

The conſtruction of this dial 15 very eaſy, 4 
cially if the reader compares it all along with Fig, 
3, as he reads the following explanation of that | 
figure. 

"Draw the occult line AB. n to the top of 
the card, and croſs it at right angles with the ſix 
o'clock line EC D. Then, upon C, as a center 
with the radius CA, deſcribe the ſemicircle AE L, 
and divide it into 12 equal parts (beginning at A) 
as Ar, As, &c. and from theſe points of diviſion, 
draw the hour-lines r, 5, t, u, v, E, <p, and x, all pa- 
rallel to the fix o'clock line EC. If each part of 
the ſemicircle be ſubdivided into four equal parts, 


| they will give the half hour lines and quarters (as 


in Fig. 2. ) Draw the right line ASDo, making 
the 25 SAB equal to the latitude of your place. 


ſet 


= S8. N08 
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ſet off upon it the arcs FR and ST, each equal to 
237 degrees, for the ſun's greateſt declination; 
ind divide them accordingly, as in Fig. 2. 
Through the interſeftign D of the lines EC D and 


ADo, draw FDG at right angles to A Do. Lay a 


ruler on the points A and R, and draw: the line 
IRF through 23 degrees of ſouth declination in 
the arc SR; and then laying the ruler over the 
points 4 and T, draw the line ATG through 23+ 
degrees of north declination in the arc $T : fo ſhall 
the lines AR Fand ATG cut the line FDG in the 
proper -length for the ſcale of months. Upon the 
center D, with the radius DF, deſcribe the ſemi- 
circle Fo G; which divide into ſix equal parts, 
n, n u, no, &c. and from theſe points of diviſion, 
draw the right lines mb, ni, pk, and 4, each pa- 
nllel to oD. Then ſetting one foot of the com- 
paſſes in the point E, extend the other to A, and 
deſcribe the arc AzH for the tropic of s: with the 
lame extent, ſetting one foot in G, deſcribe the arc 
AEO for the tropic of S. Next, ſetting one foot 
in the point Y, and extending the other to A, de- 
tribe the arc AC 7 for the beginning of and 73 
and with the ſame extent, ſetting one foot in the 
point /, deſcribe the arc AN for the beginning of 
T and $\,. Set one foot in the point i, and having 
extended the other to A, deſcribe the arc AX for 
the beginning of þ and fl; and with the ſame 
extent, ſet one foot in x, and deſcribe the arc AM 
for the beginning of & and NY. Then, ſetting one 
foot in the point D, and extending the other to 4, 
&{cribe the curye AL for the beginning of p 
= Aa 2 e 


n of Laling: 

3 2 23 nd be ſigns will be Gniſhed, Thi 
done, lay a ruler from the point A over the ſyn's 
declination in the arch RS (found by the follow. 
ing table) for every fifth day of the year; and 
where the ruler cuts the line FDG, make marks; 
and place the days of the months right againſt 
theſe marks, in the manner ſhewn- by Fig. 2, 
Laſtly, draw the ſhadow-line P parallel to the 

occult line AB; make the gnomon, and ſet the 
hours to their reſpective lines, as in Fg. 2. and 

the dial will be finiſhed. _ 
There are ſeveral kinds of dials which are called 
——— becauſe they ſerve for all latitudes, Of 
Fig. 4. theſe, the beſt one that I know, is Mr. Pardit's, 
which conſiſts of three principal parts; the firſt 
An unver- whereof is called the horizontal plane (A), becauſe 
mm practice it muſt be parallel to the horizon, In 
this plane is fixed an upright pin, which enters 
into the edge of the ſecond part B D, called the 
meridional p: 21S which is made of two pieces, the 
Toweſt whereof (B) is called the gquadrant, becauſe 
it contains a quarter of a circle, divided into' go 
degrees; and it is only into this part, near B, 
that the pin enters. The other piece is a /emar- 
cle (D) adjuſted to the quadrant, and turning in 
it by a groove, for raiſing or depreſſing the diameter 
(EF) of the ſemicircle, which diameter is called 
the axis of the inſtrument. The third piece is 4 
circle (G), divided on both ſides into 24 equal 
parts, which are the hours. This circle is put 
upon the meridional plane ſo, that the axis ( EF) 


may be ah to the circle; and the 
point 


. Oo Jang: 


point C be the common center of the circle, "EY 


eirele, and quadrant. - The ſtraight edge of the 5 


ſemicircle is chamfered on both fides to a ſharp 
edge, which paſſes through the center of the cit- 


de. On one ſide of the chamfered party the firſt 


6x months of the year are laid down, according 
w the ſun's declination for their reſpofive days; 
and on the other ſide, the laſt ſix months; And 
againſt the days on which the fun enters the ſigns, 
there are ſtraight lines drawn upon the ſemicircle, 
with the characters of the ſigns marked upon 
them; There is a black line drawn along the mid- 
de of the upright edge of the quadrant, over 
which hangs a thread (), with its plummet (Y. 


for leveling the inſtrument. N. B. From the 233d 


of September to the 2oth of March, the upper 
ſurface of the circle muſt touch both the center 
C of the ſemicircle, and the line of p and  ; 
and from the 20th of March to the 23d of Sep- 
tember, the lower ſurface of the ciege muſt wann 
chat center and line. 

To find che time of the day by this dial Han — 
ing ſet it on a level place in ſun-ſhine, and ad- 
julted it by the leveling ſcrews & and i, until the 
plumb line hangs over the black line upon the 
edge of the quadrant, and parallel to the ſaid 
edge; move the! ſemicircle in the quadrant, 
until the line of p and Z (where the circle - 
touches) comes to the latitude of your place in the 
quadrant: then, turn the whole meridional plane 
'8D, with its circle G, upon the horizontal plane 
4 until the edge of the ſhadow of the circle falls 
* 21.) A @ 3 25 e 


— 


358 


preciſely on the day of the month in the ſemicirele; 


of dialing.” 


and then, the meridional plane will be due 120 


and ſouth, the axis EF will be parallel to the axis 


of the world, and will caft a ſhadow upon the true 


time of the day, among the hours on the circle. 


VM. B. As, when the inſtrument is thus reCtified, 
the quadrant and ſemicircle are in the plane of the 


meridian, ſo the circle is then in the plane of the 
equinoctial. Therefore, as the ſun is above the 


_ equinoctial in ſummer, (in northern Jatitudes) and 


below it in winter; the axis of the ſemicircle will 


caſt a ſhadow on the hour of the day, on the up- 


per ſurface of the circle, from the 20th of March 
to the 23d of September: and from the 23d of 
September, to the 2oth of March, the hour of 


the day will be determined by the ſhadow of the 


Fig. 5. 


ſemicircle, upon the lower ſurface of the circle. In 


the former caſe, the ſhadow of the circle falls upon | 


the day of the month, on the lower part of the 
diameter of the ſemicircle; and in the latter ny 
on the upper part. | 

The method of laying down ME months and 
ſigns upon the ſemicircle, is as follows. Draw the 
right line ACB, equal to the diameter of the ſe- 
micircle ADB, and croſs it in the middle at right 


angles with the line ECD, equal in length to 


ADB ; then EC will be the radius of the circle 
FCG, which is the ſame as that of the ſemicircle, 
Upon E, as a center, deſcribe the circle FCG, on 
which, ſet off the arcs Ch and Ci, each equal to 
237 degrees, and divide them accordingly into 
that number, for the ſun's declination, Then, 

Jaying 


& dialing... 
laying che edge of a ruler over the center E, and 
dſo over the ſun's declination. for every * fifth day 
of each month, (as in the card dial) mark the 
points on the diameter AB of the ſemicircle, from 
a to g, which are cut by the ruler; and there, place 
the days of the months accordingly. anſwering to- 
the ſun's declination, -- This done, ſetting. one foot 
of the compaſſes in C, and extending, the other to 
4 of: g, deſcribe the [ſemicircle '@bcdefg; which 
divide into ſix equal parts, and through the points 
of diviſion draw right lines, parallel to CD, for 
the. beginning of the ſines, (of which one half 
ae on one fide of the ſemicircle, and the other 
half. on the other) and ſet the characters of the 2 
ſgns to their proper lines, as in the figure. onde 

The following table ſhews the ſun's place a | 
dedination, in degrees and minutes, at the noon 
of every day of the ſecond year after leap- year; 
which is a mean between thoſe of leap- year itſelf, 
and the firſt and third years after. It is uſeful. for 
inſcribing the months and their days on ſun-dials; 
and alſo for finding the latitudes of places, ac- 
"Y to the methods e at the end of the 
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Rus for baue the latil ink.” 


7 0 ful the latitude Pa any 175 5 obſervation, |; 


15110 latitude of any place, is caval 8 

tion of the pole above the horizon: of that place 
Therefore it is plain, that if there was a ſtar fixt 
in the pole, there would be nothing required to 
find the latitude, but to take the height of that 
ſtar with a good inſtrument. But although there 
is no ſtar in the pole, yet the latitude may be 
found by taking the greateſt and leaſt height of 
any ſtar that never ſets: for if half the difference 
between theſe heights be added to the leaſt height, 
or ſubtracted from the greateſt; the ſum or remain- 
der, will be equal to the height” of. the 1 75 at the 
Place of obſervation. 

But becauſe the night muſt he more than 12 
hours i in length, in order to have two ſuch obſer- 
vations; the ſun's meridian altitude and decli- 
nation are generally made uſe of for finding the 
latitude, by means of its complement, which is | 
equal to the elevation of the equinoctial above the 
horizon; and if this complement be ſubtracted 
from 90 degrees, the remainder is the latitude: 
concerning which, I think the following rules take 


-* WM all the various . 3 


7 II the ſun has north declination, and i is on 
the meridian to the ſouth of your place, ſubtract 
the declination from the meridian altitude, (taken 
by a good quadrant) and the remainder is the 
height of the equinoctial or en of the lati 
tude R 2 — 


* 


4 EX. 


* 


| | Rule Seuſs the ink 


% 


"EXAMPLE. 


ahi fun's meridian altitude 425 ge,” 
"4 And his declination, 4 80 IO I Kab. North „ 


e, Rem. the comp. of the latitude K. 0 70 nom 
eee bow! — — 1 5 2790 1 


ſtones 503 t 
Fe And the rem. is the laticide + 7 57 55 North. 
ere | ig. tg ©cÞ.05; fr, i, C1} 74 v/ 183}. 
be — tha ſun has ſouth. dibfinedon;tand i3 
of bothward of your place at noon, add; the de- 


clination to the meridian altitude; the ſum; if leſs 


ce 
bt, than 90 degrees, is the complement of the latitude 
in. rvorth: but if the ſum exceeds 9o degrees, the la- 


ne titude is ſouth, and if | go be taken from that th 

the remainder will be the latitude. , 
A : SEARPLES | 
ry The fun's meridian altitude 65 10 South 
he WY The fun's declination, (add) 15 30 Soutn 
is | 43-6 —˙ 


Comp. of the latitude * — 80 2 i 1 


1 Subtract from e OY 5 : 
le: tem the acrde. OS TION, q 70 Nerd. : 


The ſun? 8 1 altitude _ go⸗ 40 e 


A The fun? 8 e (add) 5 20 10 Fend . 

cen The fins a diE ibn il! by 10 ; 7 

the From which abr ons ee | 

ati- 1a f 10 1111. as” "4 
| Remains the lands © — 10 50 frank 


mw 


oY 7 Fr; 
4 8 
Lp: = 


Lf - 


Rules for finding the latitude, = 

3. If the ſun has north declination, and is on 
the meridian north of your place, add the de- 
clination to the north meridian altitude; rhe ſum, 

if leſs than 90 degrees, is the complement of the 
latitude ſouth : but if the ſum is more than -90 de- 


grees, ſubtract 90 from it, and che eee, is 
the _—_ * 


\ 


EXAMPLES. 


Sun $s meridian altitude - 6o⸗ 30 North 


ot o 0 3 „ 
Subtract fremm 90 0, 


Remains the latitude -, 9 20 South, 


"Sun's meridian altitude J 20' North 
Sun's declination, add - 23 20 North 


The ſum is „ e 0 
From which ſubtract - 00.0 


"Remains the 1 „ — 45 3 40 North, 


FY If the Gai has ſouth declination, and is north 


of your place at noon, ſubtract the declination | 


from the north meridian altitude, and the re- 
minder is the e of che latitude d 


* = 7 
* 1 p * 

2 , m | E X A M- 

* ; 


Suns deelination, add - 20 10 North 


- Of di 


EXAMPLE 


* ty , : 
* 1 
* m 


the Sun < "meridian altitude nay - ” 7 30 7 i | 5 
de. Sun's declination, ſubtract 20 10 Sodth 


* Compl. of the latitude & 1 291 
Subtract this fromm 90 09/94 


And the rem. is the Iatitude- 5 40 South. 


5. If the fun has no declination, and is ſouth 
of your place at noon, the meridian altitude is the 
complement of the latitude north: but if the ſun 
be then north of your place; his meridinn"altiride 
isthe complement of the latitude ſouth. -- 


EXAMPLES. 


' Sun? 8 meridian altitude ” 5 38 30 South 


W che latitude « * 57 30 | North 


Sun's meridian altitude 38 30. North 
Subtract fromm # 0 


[ 


| Remains the latitude . . 30, South. 


6. T.y you. * the "3% beneath the pole, 
ſubtra&t his declination from go degrees, and add 


the remainder to his altitude; and the e fur | is the 
ns. 


1 E x- 


pay 


370 


declination is north or ſouth : for when the ſun has 


metically ; which will be more agreeable to thoſe 


Of dialing. 
EXAMPLE. 


Sun's declination - | - 20 30 
Subtract from -  - - 90 0 


6 ͤ - 69 30 F 
Sun's altitude below the pole 10 21 , 


— — —e— EE nn 


The ſum is the latitude — 79 50. 
Which is north or ſouth, according as the ſun' 


ſouth declination, he is never ſeen below the north 
pole; nor is he ever ſeen below the ſouth pole, 
when his declination is north. 

7. If the ſun be in the zenith at noon, and at 
the ſame tin.2 has no declination, you are then 
under the equinoctial, and ſo have no latitude. 
8. If the ſun be in the zenith at noon, and has 
declination, the declination is equal to the latitude, 
north or ſouth. Theſe two caſes require no er- 
ane. | | 


L E C T. x. 
Of dialing. 


TJAVING ſhewn in the preceding LeCtur: 

how to make ſun-dials by the aſſiſtance of 3 
good glube, or of a dialing ſcale, we ſhall nov 
proceed to the method of conſtructing them arith- 


ho 


titude 
howe' 
what 
and t 
a pro 
nome 
dial f. 


accOr 


Of dialing 


cauſe globes and ſcales can never be ſo accurate as 
the logarithms, in finding the angular diſtances of 


the hours. Yet, as a globe may be found exact 


enough for ſome other requiſites in „ e ve 
ſhall take it in occaſionally. . 

The conſtruction of ſun- dials on n all planes 
whatever, may be included in one general rule: : intel- 
ligible, if that of a horizontal dial for any given la- 
titude be well underſtood. For there is no plane, 
however obliquely ſituated at any given place, but 
what is parallel to the horizon of ſome other place; 
and therefore, if we can find that other place by 
a problem on the terreſtrial globe, or by a trigo- 
nometrical calculation, and conſtruct a horizontal 
dial for it; that dial, applied to the plane where 
it is to ſerve, will be a true dial for that Pack 
Thus, an erect direct ſouth dial in 514 de- 
grees north latitude, would be a horizontal dial 


on the ſame meridian,” go degrees ſouthward. of 


who have learnt Fr. elements 25 trigonometry, be- 


31 degrees north latitude; which falls in with | 


382 degrees of ſouth latitude. But if the up- 
night plane declines from facing the ſouth at the 


given place, it would ſtill be a horizontal plane go 


degrees from that place but for a different longi- 
tude : which would alter the reckoning of the hours 


accordingly. 


GA 


1. Let us 1 chat an upright plane at 
London, declines 36 2 weſtward from facing 


B b 2 : Welk > the a 


1 

the ſouth; and that it is required to find a place 
on the globe, to whoſe horizon the aid plane is 
parallel; and alſo the difference of longitude be- 
teen London and that place. 

RNectify the globe to the latitude of Ekiidis 
and bring London to the zenith under the braf 
meridian, then, that Point of the globe which 
lies in the horizon at the given degree of decling- 
tion, (counted. weſtward from the' ſouth point of | 
the horizon) is the place at which the ' abovemen. 
tioned plane would be horizontal. Now, to find 
the latitude and longitude of that place, keep your | 
eye upon the place, and turn the globe eaſtward, until 
it comes under the graduated edge of the braſs me- 
ridian; then, the degree of the braſs meridian 
that ſtands directly over the place, is its latitude; 
and the number of degrees in the equator, that 
are intercepted between the meridian of London 
. and braſs TIO | is the Place 8 difference of 
vs) op port 

Thus, as the latitude of London is Pp de- 
grees north, and the declination of the Place is | 
36 degrees weſt ; I elevate the north pole 515 de- 
grees above the horizon, and turn the globe until 
London comes to the zenith, or under the gra- 
duated edge of the meridian; then, I count 36 
degrees on the horizon, weſtward from the ſouth 
point, and make a mark on that place of the globe 
over which the reckoning ends, and bringing the 
mark under the graduated edge of the braſs me- 
ridian, I find it to be under 304 degrees in 
n latitude; keeping it there, I count in the 

equator 


=o a, 


the number of degrees between the meri- 


bf 


dian 3 London and the braſen meridian, (which 


the meridian of the required place) 


O | 


the meridian of London. 


Which difference of longitude being converted. 


into time, is 2 hours 51 minutes. 
The vertical dial, declining weſtward 36 de- 


ges at London, is therefore to be drawn in all 


reſpects as a horizontal dial for ſouth latitude 304 
degrees; ; fave only, that the reckoning of the 
hours is to anticipate the reckoning on the hori- 
zontal dial, by 2 hours 51 minutes: for ſo much 
loner will the ſun come to the meridian of Lon- 
don, than to the meridian of any place whoſe lon- 
zitude is 424 degrees weſt from London, 

2. But, to be more exact than the globe will 
ſhew us, we ſhall uſe a little trigonometry. 


Let NESW be the horizon of London, BY: Pl. XXIII. 
zenith is Z, and P the north pole of the ſphere: * 


and let Z þ be the poſition of a vertical plane at Z, 
declining weſtward from 8, (the ſouth) at an an- 
gle of 36 degrees; on which plane an erect dial 


for London at Z is to be deſcribed. Make the f 


ſemidiameter Z D perpendicular to Z h, and it will 


ut the horizon in D, 36. degrees weſt of the ſouth 


„ Then, a plane in the tangent HD, touching 
the +> ava in D, will be parallel to the plane Z 5 
B b 3 and 


and find it to be 424. Therefore, an upright 
plane at London, declining 36 degrees weſtward 

the ſouth, would be a horizontal, plane at 
that place, whole latitude is 30% degrees ſouth of 
the equator, and longitude 424 cd weſt of 


1 1K. * 
% 1 f qialing. 


and the xis/6f 718 ſphere, w a be dual incline 
to both theſe planes. | 


( 10 . 


Let E be the equino&ial, whoſe. elevation 
above the horizon of Z (London) is 382 degrees; 


and PRD be the meridian of 'the place D, cutting 
the equinoctial in R. Then, it is evident, that 


Te. Arc BD. is the latitude of the place D, (where 


r fy i? 


25 and DH. 


In the ſpherical tr mm N. D R, the arc WWD is 
given, for it is the complement of the plane's de- 
clination from T the ſouth ; which complement i is 


54® (viz. g0*—36®): the angle at R, in which 


the meridian of YN. place D cuts the equator, is 2 


right angle; and the angle RWO meaſures the 


elevation of the equinoctial above the horizon of 
Z, namely 384 degrees. Say therefore, as radius 
is to the co-ſine of the plane's declination from the 


ſouth, ſo is the bo- Hine of the latitude of 2 to the 


ſine of RD the latitude of D: which is of à dif- 
ferent denomination from the latitude of Z, be. 


| cauſe 2 and D; are on different des of the und. 


As radius ty = — '10:00000 
To co- ſine 5 0'= RA 9.90796 
SO co- ſine 51 30. | 5 Ne 


To fine 30 14 = DR 109 70211) == 
lat. of D, whoſe Wien is Pran to che re 
Plane Zh at Z. | 


| es 


of dating... 
N. B. When radius is nal the firſt term, it 
may be omitted, and then, by ſubtracting it men- 


ally from the ſum of the other two, the opera- 
tion will be ſhortened. - Ae in the enn caſe, 


Tothe logarithmic fine of W A 45 0 ' 9.99796 
61 16 50 9 79415. 


Their dum — radius — ann 9.70 11 


gives the ſame ſolution. as above. And we ſhall 


mw 


To ind the difference of longitide of the glu | 


Dand Z, ſay, as radius is to the co-ſine of 385 
trees, the height of the equinoctial at Z, ſo is 


the co-tangent of 36 degrees, the plane's declinati- 
on, to the co-tangent . of the e of longi- 


tudes, T hus, 


Add the log. tang, of $56 0 — 83367. 


Their ſum dun — 10. 03228 is 
the neareſt tangent of 47* 8', = = VR; which is 


the co-tangent 'of 42* 52, RA the difference 
of longitude ſought. Wien difference, being re- 


Anced to on, is 2h. 314 m. 


. The co-fine of 505 ©, or of RL. 
I The coe-ſine of 51? 30% or of 22. 

The cp-ſine of 38 30”, or of N. DR. 
1 The co-tangent of 36%, or of D . 


B b 4 11 5 


keep to this method in the following Park of the | 
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Fig. 2o 


Of dialing 
3. An d this havitig found the exact latitude 


4 a Ac e the place D, to whoſe hotizon | 
the vertical pläbe at Z is parallel, we ſhall proceed 
ta the cönftruction of 4 horizontal dial for the 


place D, whoſe latitude is 30 14 ſouth; but an- 


| ricipating the time at D by 2 hours 51 minutes, 
(negleQing the Z minute in practice) becauſe D is 


ſo far. weſtward in longitude from the meridian of 
London; and this will be a true vertical dial at 
London, declining weſtward 36 degrees. 


Aſſume any right line CSL for the ſubſtile of 


the dial, and make the angle KC P equal to the 


latitude of the place (viz. 30% 14) to whoſe ho- 


rizon the plane of the dial is parallel; then CRP 
will be the axis of the ſtile, or edge that caſts the 
ſhadow on the hours of the day in the dial. This 


done, draw the contingent line BQ, cutting the 


ſubſtilar line at right angles in K; and from X 


make K R perpendicular to the axis CRP. Then 


KG (=RKR) being made radius, that is, equal 


to the chord of 60® ar tangent of 45* on a good 
ſector, take 42 32 (the difference of longitude 


of the places Z 3 D) from the tangents, and 


The rangent of 2* 8' (the difference between 45 


_ fame way, will give a 


having ſet it from K to M, draw CM for the hour- 
line of XII. Take KN, equal to the tangent of 
an angle leſs by 15 degrees than KM ; that is, the 
tangent 27 52“; and through the point N draw 
C N for the hour-line of J. The Le of 12 
-52', (which is 15* leſs- than 27 92) ſet off the 
point beser K and N, 
through which the hour-line of II is to be drawn. 


and 


= 


de 550 ses 0a be Ant Gef L. will 
determine the point through which the — 


of III is to be drawn: to which 25 87, if the tan- 
gent of 15. be added, it will make 2 8“; and 
this ſet off from K towards Q, on the line EBA. 


will give a point for the hour-line of IIII: and 


ſo of the reſt. The forenoon hour- lines are drawn | 


the ſame way, by the continual - addition of the. 


_ tangents 15% 30, 45% Fc. to 4 52 (= the 
tangent of KM) for the hours of XI, X, IX, Cc. 


as far as neceſſary; that is, until there be five 


hours on each ſide of the ſubſtile. The ſixth 
dour, accounted from that hour or part of the 


hour on which the ſubſtile falls, will be al- 
ways in a line perpendicular to the acer and 


drawn through the center C. 


4. In all erect dials, CM. bs Sine of: XII, 


is perpendicular to the horizon of the place for 
which the dial is to ſerve: for that line is the in- 


terſection of a vertical plane with the plane of 


the meridian of the place, both which are perpen- 


dicular to the plane of the horizon: and any line 


HO, or ho, perpendicular to CM, will be a ho- 


rizontal line on the plane of the dial] along on 
line the hours may be numbered ;. and C 
ſet perpendicular to the W the dial will have 


| i, true poſition, - _ 
. If the plane of the dial had aa by an 


15 angle toward the eaſt, its deſcription would 
have | differed only in this, that the hour: line of 


XII would n dana . che other ſide of the 
. 5 Aua 


' 
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ſerye for other two planes parallel, to them; the 


Of idling, 6 


ſubltile CE, and the line, #0, would have a ſub. 


contrary, poſition. to what it has in this figure. 


6. And, theſe, two, dials, - with the upper point | 


of, theiy. ſtiles turned toward the north pole, will 


one declining from the north toward the eaſt, and 
the other from the north toward the weſt, by the 


ſame quantity of angle. The like holds true of 


Fig. z. 


all a ae in general, whatever he their declination, 
VOID of their NS to the horizon. 


5 *x{ 


rh: wa 0 A 8 E U. 


7. 7. If the plane of the dial not only declines, but 
alſo reclines, or  inclines, Suppoſe its declination 
from fronting the ſouth. &, be equal to the arc SD 


on the horizon; and its reclination be equal to the 
arc Da, of the vertical circle DZ: then it is 


plain, that if the quadrant, of altitude Z d D, on 
the globe, cuts the · point D in the horizon, and 


the reclination is counted upon the quadrant from 


D to d; the interſection of the hour- circle PRd, 
with the equinoctial VE, will determine Rd., 
the latitude of the place d, whoſe horizon is pa- 
rallel to the given plane at Z; and RQ vill be the 
difference in longitude of the planes at d and 2. 

Trigonometrically thus: let a fk circle pals 
through, the three points, , d, E; and in the 


triangle / Da, right angled at D, the ſides * 


and Dd are given; and thence the angle Dd 
is found, and. ſo. is the hypothenuſe Vd. Again, 


* difference, or the ſum, of DM d, and DWR 


5 the 


; 5 
the elevation of the « equinoctial above the hot 
of Z, gives the 800 deR; and the hyr 
nuſe of the triangle V Rd, was juſt” n 
whence the ſides: RA and WR att found, the for- | . 
mer being the latitude of che place d, and the lat?⸗- 
ter the complement of RY. the difference! of lon" 
edi | WO UBS 03 {NO1L 3910-263 
Thus, if the latitude of the late Bir 
north, the declination S D of the plane Z b (which 1} 
; would be horizontal at 4) be 369; and che reclina- 1 
tion be 136, or equal to the are Dd; the ſouth 
Stuge of the place d, that is, the arc Rd, will 
be 1 55 93 and R the difference of longitude 
36 2', From theſe data "therefore, let the dial 
(Fi ig. 4.) be deſcribed as in the former example. 
8. Only it is to be obſerved, that in reclining” 
or inclining dials, the horizontal line will not Rand” 
at right angles to the hour-line of XII, as in erect 
dials; but its poſition may be found as follows. © 
To the common ſubſtilar line CK L, on bickrü 4. 
the dial ſor the place 4 was deſcribed, draw the 
dial Cr pm 12. for the place D, whoſe declination 
is the ſame as that of 4 (viz. the are S D): and 
HO, perpendicular to Cm the hour line of XII 
on this dial, will be a horizontal line on tlie dial 
CPRM XII. For, the declination of both dials 
being the ſame, the horizontal line remains pa- 
rallel to itſelf, while the erect poſition of one dial 
is reclined, or inclined, with weißen! to the Polition 
of the other. - N 
Or, the poſition of the dial 0 b. found by ap- 
plying it to its plane, ſo as to mark the true hour 
ol 


Of. dialing. 

of the day by the ſun, as ſhewn by another dial; 
or by a clock, regulated by a true enn line 
and equation table. ; | 

9. There. are ſeveral other thin 9 beten in 
the practice of dialing; the chief of which, I ſhall 
give in the form of arithmetical rules, ſimple and 
eaſy to thoſe who have learnt the elements of tri- 
gonometry. For, in practical arts of this kind, 
arithmetic ſhould be uſed as far as it can go; and 


ſcales never truſted to, except in the final con- 


ſtruction, where they are abſolutely neceſſary in 
laying down the calculated hour - diſtances, on the 


plane of the dial. And although the inimitable 


artiſts of this metropolis have no occaſion for ſuch 


inſtructions, yet they may be of ſome uſe to ſtu- 
dents, and to private gentlemen who amuſe che m- 


elves this way. 
R U L 1 


To 0 1 the angles which the bour- lines on amy dial 


A A nale with the ſubſtile. 


"Ito the logarithmic ſine of the given latitude, 
or of the ſtile's elevation above the plane of the 


dial, add the logarithmic tangent of the * hour - 
diſtance from the en or from the T ſubſtile; ; 


» „That i is, of 15, 30, 45) "Ry 755 , for the hours of I, 


U., III, III, V. in the afternoon z and XI, þ 4 IX, VIII. 


vn, in the forenoon. 

In all horizontal dials, awd ere& north or ſouth dials, 
the ſubſtile and meridian are the ſame: but in all declining 
dials, the ſubſtile line makes an angle with the. meridian, p 
FORE an 


tangent of the angle ſought.” nin l 1546 1G} » * +64 #419 
For, in Fig. 2. KC is to KM in che ratio com. 


pounded of the ratio of KC to KG, (=KR) and 
of K to KM; which, making CK the radius 
10, 00000, or (10,0000, or 10, or 1, are the ra- 


tio of 10000000, or of at tare, ih mock 10, or 


of 1, t KS x: bend . Ku 3 


+ Wo; Flu 


Thus, in a horizontal dial, der t. r- he 


find the angular diſtance of XI in che . 
or I in the ngen, from XII. d bIE N 


Io the log. fine of 51 30, 9.89354 
Add the log. tang, of 15 0 — 


The ſum — radius 1 1 32139 Ane 


garithmic tangent of 11 50, or of the angle 


hour of XII. 


which the hour- line of XI or 1 makes with the 


"eh 


And by computing in 108 manner, ith ths fine 
of the latitude, and the tangents of 30, 45, 60, 


and 75e, for the hours of II, III, IIII, and V in 


the afternoon; or of X, IX, VIII, and VII i in the 
forenoon; you vill find their, «gular diſtances 
from XII to be 24 18, 38 3, 53* 35, and'71* 
6'; which are all that there i is occaſion to com- 
pute for. And theſe diſtances may be ſet off 


from XII by a line of chords; or rather, by taking 


1000 from a ſcale of equal parts, and ſetting that 


* In which caſe, the radius C R r wept to be divided 
n 1000600 equal part. oa 


extent 


> 
* 
f 13 
5 39. 
481 


and the ſum #hus radius will be che logarithinic 


\ 


382 | of Selig. 
Fig. 2. zenden us a radius from Cito XII; and then, taking 
20g of the ſame parts, (which, in the tables, are 


the natural tangent of 119 500 and ſetting them gre 
from XII to XI and to I, on the line ho, which 120 
is perpendicular to C XII: and ſo for the reſt of pla 
the hour- lines, which, in the table of natural tan- dec 
gents, againſt the above diſtances, are 451, 782, wh 
'2355, and 2920, of ſuch equal parts from XII, flid 
as the radius C XII contains: 1000. And laſtly, If the 
ſet off 1257 (the natural tangent of 51 30) for n tan 
the angle of the ſtile's hoighe, which is — to req 
the latitude of the place. ; : 
The reaſon. why I prefer the uſe af * tabular or 


numbers, and of a ſcale decimally divided, to that 
of the line of chords, is becauſe there is the leaſt 
chance of miſtake and error in this way; and like- 


wiſe, becauſe in ſome caſes it gives us the advan- I 7 
tage of a nonius diviſion. ; 
In the univerſal ring-dial, for 8 the di- F 


viſions on the axis are the tangents of the angles 
of the ſun's declination placed on either ſide of 
the center. But inſtead of laying them down 
from a line of tangents, I would make a ſcale of 
equal parts, whereof 1000 ſhould anſwer exactly 
to the length of the ſemi- axis, from the center to 
the inſide of the equinoctial ring; and then lay 
down 434 of theſe parts toward each end from the 
center, which would limit all the diviſions on the 
axis, becauſe: 434 are the natural tangent of 230 
| 29. And thus, by a nonius affixed to the ſliding 
piece, and taking the ſun's declination from an 
ephemeris, and the tangent of chat en 
8 rom 
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1 dung. 
from the table of natural tangents, the ſlider might .- 


be always ſet true to within two minutes of a de- 


wane { 11379} DHR | 05 2 I. 1G } 10 i! Eisen 27 4 


And ckis ſeale of 434 equal parts might be 


placed right againſt the 2 3 degrees of the ſunꝭs 


declination, on the axis, inſtead of the ſun's place, 


which is there of very little uſe. For then, the 


ſlider might be ſet in the uſual way, to the day of 


the month, for common uſe; but to the natural 
tangent of the ene dre accuracy is 


required.. it bb els ads 


The like may be had A a ſclle of fine 


or 3 8 n on pin WO > 


©, 


FV 
R U L E = 3 - 
3}; 3 


e 
24 724 


The Latitude 55 the place, © the far sf end, a 


his hour- diſtance from the meridian, being given; iv 
Lang (1.) oy nen (2: 1 60 Ner- r 


112 140 EL . 


„ Leb dib the ſun's plugs R hid declination; Fig. x. 


and in the triangle PZ d, Pd the ſum, or the dif- 
ference, of d R and the quadrant PR, being given 
by the ſuppoſition, as alſo the complement of tlie 
latitude PZ, and the angle 4 PZ which meaſures 


the horary diſtance of d from the meridian; we 


ſhall (by Caſe 4. of Keill's oblique ſpherie. Tr.) 
find the baſe Z d, which is the ſun's diſtance from 
the zenith, or the complement of his altitude. 


And (.) As, m Ze find Pd Amd R 


4 P, or of its ſupplement DZ8, had ANNE 


diſtance from the ** 


Or, 


* 


| deren W he Ae in 


Of dialing. 
Or, - the practical rule may be as follows. 
Write A for the ſine of the ſun's altitude, L and 


for the ſine and co-ſine of the latitude, D and 4 


for the ſine and co- ſine of the ſun's declination, 
e eee n ere 
VI. 12 
Dhen-the relation of H w W will have thre Va- 


rieties. wie 3 2 
1. When the eee is T the elevated 


Pole, and the hour of the day is between XII 


3 a6 VI; it is | A=LD + Hid, and H = 


. Wii the Pa is after vl, it is ADZLD 
E and H= . 
. When the declination is toward the depreſſed 


FO e. eee and H = 


orems will be found bat. * ex- 


1 


| peditious enough, for ſolving thoſe problems in 


phy and dialing, which depend on the 


+ relation of the ſun's altitude to the hour of the day. 


EXAMPLE by, 


- Suppoſothe latitude of the place to be 511 de- 
grees north; the time five hours diſtant from XII, 
that is, an Kod after ſix in the morning, or before 
VI-in the evening; and the ſun's e 20" 


Then, 


i 
2 


| give 


* 


114 td 


. 


of dug” 


5 : add 05 D;= log. fi. 20% 00—1. 8 


— — i 


n {56h Their an — — 1442769 | 
gives LD, = log. O. 267664, in che natural fines.. 
And, to log. H, S log. fin: + 1 5* 00 l. 4300 4. 
log. J, ==log. fin. 3800 1.79413 
a ; 
log. bis = * ſin. | 70" 00 —1, -97390. 


# Their fum <= ==1, 18013 | 
gives H 1 =>, log, 0.151408, in the natural ſines. 
And theſe two numbers (o. 267664 and o. 15 1408) 


make 0.419072 = A; which, in the table, is the _ 


neareſt natural ſine of 24” 47 , the ſun” 8 altitude 
ſought. | 

The fue” hourdiſtaiice "Tn aſſumed on the 
other ſide of VI, then LD — 1% is 0.116256, >; 
the fine of 60 407 which is the ſun's altitude at 
Vin the morning, or VII in the evening, when bis 


north declination 1 is 20%. 


But when the declination is 20? ſouth (or towards 
the depreſſed pole) the difference Hd — LD be- 
comes: negative, and thereby ſhews that, an hour 
before YI in the morning, or paſt VI in the even- 
ing, the ſun's center is 6* 407 below the horizon. 


C Mews we ee che 3 ag s unity, and not 10,0008, r 


by which, inſtead of the index 9 we have — 1 , 2s above: J 


which is of no farther uſe, than making the work a little eaſier, 
'+ The diſtance of one hour from vB. 
t The co-latitude of the placde. 
{| The co-declination of the ſum, 


Us 


"on EX A M- 
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EXAMPLE I. 


In che! fame latin and north . from 
the given altitude to find the hour. 
Let the altitude be 48; and becauſe, in this caſe, 


H= and (the natural ſine of 480. . 743145, 


and LD. 267664, A—LD will be 0.475481, 
whoſe logarithmic ſine is — 1. 6771331 
from which taking the q __ 6 

bog. fine of / x d, 1 9 


Remains — I. 1. 9099977 57 the log, ſine 


of the hour-diſtance ſought, viz, of 54 22; 
which, reduced to time, is 3 hours 37+ min. that 
is, IX h. 37+ m. in the forenoon, or II h. 225 m. 
in the afternoon. 

Put the altitude = 180, whoſe natural ſine is 


3090170; and thence A—LD will be =.04919533 
which divided by I X d, gives. 0717179, the ſine of 
1 6273; in time 162. minutes nearly, before VI in 
the morning, or after VI in the evening, when the 


ſun's altitude is 18˙. | 
And, if the 3 200 had been towards 
the ſouth pole, the ſun would have been depreſſed 


18 below the horizon at 164 minutes after VI in 
the evening; at which time, the twilight would 


end: which happens about the 22d of November, 
and 19th of January, in the latitude of 5314 north. 
The fame way may the end of twilight, or be- 
ginning of dawn, be found for any time of the 
year. 

NOTE 


bn 


. — 


NO TE 1. 17 N een 2 + ah5thay 3840 
73 5 ut o, and the value of M is computed, 
we kava the hour of ſun-rifing and ſetting, for any 
latitude, and time of the year. And if we put 
H=0, and compute I, we have the fan's Alt 
tude or depreſſion at the hour of VI. And laſtiy, 


f H, A, and D, are given, the latitude may be 
found by the reſolution of a e N for 


= /TEF.. 
"NOTE "ME When 4 is 
— . Lx, D, the tangent of the latitude 


nuiplied by the tangent of the declination, 
As, if 1 it Was 
of day in lat. 51 0 


/ To the log. tangent of 510 30, 1 0 0. 5993948 
Add the log: tangent of 23% 29 —=1. 6279008. 


AH Their fam any, 7373511 
vthe log he of the hour-diftance g3* 73 in time 
zh. 127 m. The longeſt day therefore is 12 h. 
4h. 25 m. = 16 h. 25 m. And the ſhorteſt day 
12 h. — 4 h. 25 m. ="7 h. „ 


And if the longeſt day i is given, the latitude of 


the place is found; I being equal to T, L. Thus, 


if the longeſt day is 13% hours = 2 X 6h. +45 m. 
and 45 minutes in time 05 hal Q.. 114 . 


"Fram the log. ſine of 110 15, —1. 2902357, 


Taha he log ang of 23% 29 —1. 637952 hb 
Remains —1 16822795 = = 


the log. agent of Jt 2411 
c 


* 


1. ed o, His 0 


requi ired, what is the greateſt length | 


And 


7 
1 
* 
1 
© 
1 
5 
2 
* 


Fig. 3. 


of Jaling. 
And the ſame way, the latitudes. where the fe 


veral geographical climates and parallels begin, may 


be found; and the latitudes of places that are 


aſſigned in authors from the length of their days, 


may be examined and corrected. 
NOTE z. The ſame rule for. finding the 


longeſt day-in a given latitude, diſtinguiſhes the 


hour-lines that are neceſſary to be drawn on uy 
dial, from thoſe which would be ſuperfluous, . 
In lat. 52% 10, the longeſt day is 16 h. 32 m. 


and the hour-lines are to be marked from 44m. 
after III in the morning, to 16 m. after VIII in the 


evening. 
In the ſame latitude, let the dial of Art. 7. Fi ig. 4. 


be propoſed ; and the elevation of its ſtile (or the 
latitude of the place d, whoſe horizon is parallel to 
the plane of the dial) being 159 9' ; the longeſt day 


at d, that is, the longeſt time that the ſun can 


illuminate the plane of the dial, will by the rule 


H=T,LXT, D). be twice 6 hours 27 minutes, 


=12 h. 54 m. The difference of longitude of 


the planes a and Z was found in the ſame example 
to be 360 2“; in time, 2 24 minutes: and 


the declination of the plane was from the ſouth 


towards the weſt. Adding therefore 2 h. 24 m. 
to 5h. 33 
tal dial at d, the ſum 7 h. 57 m. ſhews that the 
morning hours, or the parallel dial at Z, ought to 
begin at 3 min. before VIII. And to the lateſt 


ſun-ſetting at d, which is 6.h. 27 m. adding the | 


ſame 2 h. 24 m. the ſum 8 h. 51 m. exceeding 6h. 


16 m. the lateſt ſun-ſetting at Z, by 35 m. ſhews 


that 


m. the earlieſt ſun- riſing on a horizon- | 


35 


Of dialing. ' 
that none of the afternoon hour-lines' are ſuper- 


fuous. And the 4 h. 13 m. from III h. 44 m. 


the ſun-riſing at Z to VII h. 57 m. the fun- riſing 


7 
- 7 
89 5 
3 
| 4 5 
3 2 * 
ON = 


ad, belong to the other face of the dial: that is, , 


to a dial declining 36* from north. to caſt, and | in- 


clining 155 — 
E * M N III. 
Fr rom the ſame data to find the ſun's azimath. 


If E, L, and D are given, then (by Art. 2. of 
Rule IT.) from H having found the altitude, 


and its complement Z 4; and the arc Pd (the di- 
ſtance from the pole) being given; ſay, As the 
co-ſine of the altitude is to the ſine of the diſtance 
from the pole, ſo is the fine of the hour-diſtance 
from the meridian to the ſine of the azimuth- 
diſtance from the meridian. 

Let the latitude be 31. 30 north, the declination 


13 9 ſouth, and the time II h. 24 m. afternoon, 


when the ſun begins to illuminate a vertical wall: 
and it is required to find the poſition of the wall. 
Then, by the foregoing theorems, the comple- 
ment of the altitude will be 81® 327, and Pd the 
diſtance from the pole being 109 6, and the horary 
diſtance from the meridian, or the angle d PZ 369. 
To log. fin. 745 gr - - —1.98464 
Add log. fin. 36% 0 —— 1.76922 


And from the ſum - - —1.75386 
G Ae fin, 814321 —1, 99525 


Remains —1,75861= =log. fo. 
35 , the azimuth diſtance ſouth. | 
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When the. Hate is AB 434 from thenes 
the hour,” and proceed as above. 
This praxis is of ſingular uſe on many 8 
maknding the declination of vertical planes more 
exactly than in the common way, eſpecially if the 
tranſits of the ſun's center is obſerved by applying 
a ruler with ſights, either plain or teleſcopical, to 
the wall or plane, whoſe declination is required, — 
In drawing a meridian line, and finding the mag- 
netic variation, —In finding the bearings of places 
in terreſtrial ſurveys ; the tranſits of the fun over 
any place, or his horizontal diſtance from it being 
obſerved, together with the altitude and hour,— 
And thence determining ſmall differences of longi- 
tude. —In obſerving the variation at ſea, '&c. 
The learned Mr. Andrew Reid invented an inſtru- 
ment ſeveral years ago, for finding the latitude at 
ſea from two altitudes of the ſun, obſerved on the 
ſame day, and the interval of the obſervations, 
meaſured by a common watch. * And this inſtru- 

ment, whoſe only fault was that of its being ſome- 
what expenſive, was made by Mr. Jackſon. Ta- 
bles have been lately computed for that purpoſe. 

But we may often, from the foregoing rules, re- 
ſolve the ſame problem without much trouble; eſ- 
pecially if we ſuppoſe the maſter of the ſhip to know 
within 2 or 3 degrees what his latitude is. Thus, 
Aſſume the two neareſt prove limits of the 


LD 
latitude, and by the theorem H . „ compute 


the hours of obſervation for both ſuppoſitions. 
If one interval of thoſe computed hours e 
' I 


Of dialing. 


with the interval obſerved, the queſtion is ſolved. 


If not, the two diſtances of the intervals computed, 


from the true interval, will give a proportional part 


to be added to, or ſubtracted from, one of the la- | 


titudes aſſumed. And if more exactneſs is required, 
the operation n be ng with the latitude a 
ready found. 


But which ever way the queſtion is ſolved, "i 
per allowance is to be made for the difference of 
latitude ariſing from the ſhip's courſe in the time = 


between the two obſervations. 


Of the double horizontal dial ; and the Baby- 
lonian and Talian dials. 


To the gnomonic projection, there is ſometimes 
added a fereographic projection of the hour-circles, 
and the parallels of the ſun's declination, on the 
ſame horizontal plane; the upright ſide of the gno- 
mon being ſloped into an edge, ſtanding perpendi- 
cularly over the center of the projection: ſo that 
the dial, being in its due poſition, the ſhadow of 
that perpendicular edge is a vertical circle paſſing 
through the ſan, in the ſtereographic projection. 

The months being duly marked on this dial, 
the ſun's declination, and the length of the day 
at any time, are had by inſpection ; (as alſo his al- 


tirude, by means of a ſcale of tangents), But its 


Chief property is, that it may be placed true, 


other inſtrument. 


Letd be the ſun's place in the Kereographic pro- pig. 3. 


2 xd , z the parallel of the ſun's declination, 
* „„ 24 


whenever the ſun ſhines, without the hel P of any 


|} 


* „ 


of dialing." 


2 *F a vertical circle through the ſun's center, Pg 


the hour-circle; and it is evident, that the diame. 


ter NS of this projection being placed duly north 
and ſouth, theſe three circles will, paſs through the 


point d. And therefore, to give the dial its due 
poſition, we have only to turn its gnomon toward 
the ſun, on a horizontal piane, until the-hour on 
the common gnomanic projection coincides with 
that marked by the hour-circle Pd, which paſſes 
through the interſection of the ſhadow Z d with the 
circle of the ſun's preſent declinatian. 

The Babylonian and Italian dials reckon the hs 
not from the meridian, as with us, but from the 
ſun's riſing and ſetting. Thus, in Italy, an hour 
before ſun-ſet is reckoned the 23d hour; two hours 
before ſun-ſet, the 22d hour; and fo of the reſt,” 
And the ſhadow that marks them on the hour-lines, 
is that of the point of a ſtile. This occaſions a 
perpetual variation between their dials and clocks, 


which they have to correct from time to time, be- 
fore it ariſes to any ſenſible quantity; by ſetting 


their clocks ſo much faſter or ſlower. And in 
Ttaly, they begin their day, and regulate their 


_ clocks, not 2 ſun- ſet, but from about mid- 


twilight, when the ave Maria is ſaid; which cor- 
rects the difference that would otherwiſe be between 
the clock and the dial, 

The improvements which have been $I in al 
forts of inſtruments and machines for meaſuring 
time, have rendered ſuch dials of little account. 
Yet, as the theory of them is ingenious; and they 
gre really, in ſome reſpetts, the beſt contrived of 

| 4 any 


B ((c 


tion may not be unaceeptable. 


„„ (Ä ²˙ ÄꝛÄÄ . 0. 0 


Let Fig. 5. repreſent an d + dif & ſo ith wal 
on which a Babylonian dial is to be drawng' ſhewing 
the hours from ſun-rifing; the latitude of the 


place, whoſe horizon is parallel to the wall, bein "I 
equal to the angle KCR. 5 for a common 


dial, KG= KR (which is 
the radius of the equinoctial 


ndicular to CR) 
Wand draw RS 


perpendicular to CK for the ſtile of the dial; the 


ſhadow of whoſe point R is to mark the hours, 
when SR is ſet upright on the plane of the dial. 
Then it is evident that, in the contingent ' line 


2 the ſpaces KI, K2, Kg, &c. being taken, 


equal to the tangents of the hour · diſtances from the 
meridian, to the radius K G, one, two, three, &c. 


hours after ſun-riſing, on the equinoctial day 
the ſhadow of the point K will be found, at theſe . 


times, reſpectively in the points 1, 2, 3, &. 
Draw, for the like hours after ſun-riſing, when 


the ſun is in the tropic of capricorn W , the like 


common lines CD, CE, CF, &c. a at thoſe 


hours the ſhadow of the point R will be found in 
thoſe lines reſpectively. Find the ſun's altitudes 


above the plane of the dial at theſe hqurs, and with 
their co-tangents Sd, Se, Sf, &c. to radius SR, 


deſcribe arcs interſecting the hour-lines in the 


points 4, e, f, &c. So ſhall the right lines 14, 2 e, 


3f, &c. be the lines of I, I, III, Kc. hours after 
un- riſing. | | 

The conſtruction is the ſame in every other caſe, 
fur regard being had to the difference of longitude 
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Of: ax | 
of the place at which the dial would de horizontal, 
and the place for which it is to ſerve. And like. 


© ,, wile, taking care to draw no lines but what are ne- 


ceſſary; which may be done partly by the rules 
already given for determining the time that the ſun 
mines on any 3 and partly from this, that on 
the tropical days, the hyperbola deſcribed by the 
ſhadow of the poi R, limits the extent of al the 
hour-lines. 

The moſt uſeful however, as a as the fimplet 
of ſuch dials, is that which is deſcribed on on two 


ſides of a meridian plane. 


That the Babylonian and Italic Yours. are duly 
enough marked by right lines, is eaſily ſhewn, 
Mark the three points on a globe, where the horizon 


cuts the equinoctial, and the two tropics, toward 


the eaſt, or weſt; and turn the globe on its axis 
15%; or 1 hour; and it is plain, that the three 
points which were in a great circle (viz. the hori- 


. zon) will be in a great circle ſtill z which will be 


projected geometrical ly into a ſtrai ght line. But 
theſe three points are univerſally the ſun's places, 
one hour after ſun-ſet (or one hour before ſun- riſe) on 
the equinoctial and ſolſtitial days. The like is true 
of all other circles of declination, beſides: the tro- 
pics; and therefore, the hours on ſuch dials are 


truly marked by ſtraight lines Jimited by the pro- 
jections of the tropics; and which are rightly drawn, 


as in the foregoing example. 

Note 1. The ſame dials may be delineated 
without the hour-lines CD, CZ, CF, &c. by 
ſetting off the ſun's azimuths- on the plane * " 
| : 1alz 


— on 


mY 1 at 2 I hour paſt A 


A 
dial, 8 & on either fide of the abe 
CSK, and the correſponding 


from the ſame center S, for I, un, HJ, e. korn 


before or after the fun is in che horizon of the 
place for which the dial is to cram on o the „ 


noctial and ſolſtitial days. 


2. One of theſe dials has its nate . ala 
kours being reckoned From ſun-riſing, the begin- 
ning of the Balylonian day. But we are not thence = 

to imagine that the egua hours, which it ſhiws, 
to be thoſe in which the aſtronomers of that coun» 


try marked their obſervations. Theſe, we know 


with certainty, were. unequal, like the Jewiſß, as 
being twelfth parts of the natural day : and an hour 
of the night was, in like manner, a twelfth part 
of the night; longer or ſhorter according to the 
ſeaſon of the year. So that an hour of the day, 
and an hour of the night, at the ſame place, would 
always make gr of 24, or 2 equinoctial hours. In 


Paleſtine, among the Romans, and in ſeveral 


other countries, 3 of theſe unequal nocturnal hours 
were a vigilia ot watch. And the reduction of equal 
and unequal hours into one another, is extremely 
eaſy. If, for inſtance, it is found, by a foregoing 
rule, that in a certain latitude, at a given time of 
the year, the length of a day is 14 equinoctial 
hours, the unequal hour is then £+ or g of an hour, 


that is, 70 minutes; and the podturnal hour is 50 


minutes, The firſt watch begins atVII (ſun-ſer), the 
ſecond at three times 50 minutes after, vix. IX h. 
30 m. the third always at midnight; the RY 


| 1 


39 


Hv to ſet. a dial to true time. 

If it were required to draw a dial for ſhewing 
theſe unequal hours, or 12th parts of the day; 
we muſt take as many declinations of the ſun a 
are thought neceſſary, from the equator towards 
each tropic : and having computed the ſun's alti- 
tude and azimuth for , Fr, {th parts, Cc. of 
each of the diurnal arcs belonging to the declina- 
tions aſſumed: by theſe, the ſeveral points in the 
circles of declination, where the ſhadow of the 
Rile's point falls, are determined: and curve lines 


drawn through the points of an homologous di- 
_ viſion will be me ee N 455 


1 9 


07 the right M of Aab. and Man; a trut 


' meridian line for mw 28 of clotks and 
| watches. 


The plane on which 6 dial is to 0 being 
duly prepared, and every thing neceſſary for fix- 
ing it; you may find the hour tolerably exact by 
a large equinoctial ring-dial, and ſet your watch to 


it. And then the dial may be fixed by the watch | 


at your leiſure, 

If you would be more exact, take the ſun's al- 
titude by a good quadrant, noting the preciſe time 
of obſervation by a clock or watch. Then, com- 
pute the time for the altitude obſerved, (by the 
rule, page 386) and ſet the watch to agree with 
that time, according to the fun, A Hadley's qua- 
drant is very convenient for this purpoſe ; for, by 
it you may take the angle between the ſun and his 


image, reflected rom a baſon of water; the half 
© 


Bio 10 ft 4 dial to true tine. 


of which angle, ſubtracting the refraction, is the 
altitude required. This is beſt done in ſummer, 
and the nearer the ſun is to the prime vertical (the 
eaſt or weſt azimuth) when the obſervation is made, 
ſo much the better. 1 
Or, in ſummer, take two equal altitudes of the 
fun 3 in the ſame-day z one any time between 7 and 
10 o'clock in the morning, the other betwern 2 
and 5 in the afternoon; noting the moments of 
theſe two obſervations by a clock or watch: and 
if the watch ſhews the obſeryations to be at equal 
diſtances from noon, it agtees exactly with the 
ſun: if not, the watch muſt be corrected by half 
the difference of the forenoon and afternoon in- 
tervals z and then the dial wy be ſer true by the 
watch. ; 
Thus, for example, ſuppoſe you bad Fi the 
ſun's altitude when it was 20 minutes paſt VIII in 
the morning by the watch; and found by obſerving 
in the afternoon, that the ſun had the ſame alti- 
tude 10 minutes before IIII; then it is plain, that 
the watch was 5 minutes too faſt for the ſun: for 
5 minutes after XII is the middle time between 
VIII h. 20 m. in the morning, and III h. 30 m. 
in the afternoon; and therefore, to make the watch 


agree with the ſun, it muſt be ſet back five mi- 
Ates, 


watches, may be had by the following method. 
Make a round hole, almoſt a quarter of an inch 
diameter, in a thin plate of metal; and fix the 
plate in the top of a ſouth b Window; in ſuch a man- 
ner, 


A good meridian line, for regulating clocks or A A meridian 


How to make 4 meridian link 
ner; khat it may recline from the zenith at an ans 
gle equal to che co-latitude of your place, a 


nearly as you cam gueſs: for then, the plate will 
face the ſun directly at noon on the equinoctial 


days. Let the ſun ſhine freely through the hole 


into the room; and hang a plumb- line to the ciel- 
ing of che room, at leaſt five or ſix feet from the 
widen in ſuch a place as that the fun's rays, tranf- 
mitted through the hole, may fall upon the line 
when it is noon by the clock ; and having marked 
the ſaid place on the cieling, take away the line. 

Having adjuſted a fliding bar to a dove-tail 
groove, in a piece of wood about 18 inches long, 
and fixed a hook inte the middle of the bar, nail 
the wood to the abovementioned” place on the 


cieling, parallel to the ſide of the room in which 
the window is: the groove and bar being towards 


the floor. Then, hang the plumb-line upon the 
hook in the bar, the weight or plummet reaching 


almoſt to the floor; and the whole will be pre- 


pared for farther and proper adjuftment. 
This done, find the true folar time by either of 
the two laſt methods, and thereby regulate your 
clock. Then, at che moment of next noon by 
the clock, when the ſun ſhines, move the ſliding bar 
in the groove until che ſhadow of the plumb · line 
biſects the image of the ſun (made — his rays 


tranſmitted through the hole) on the floor, wall, 


or on a white ſcreen placed on the north fide of 


the line; the plummet or weight at the end of the 
line Kanging freely in a pale of water placed: below 


it on tho floor,—But becauſe this may not be quite 
y correct 


— 


A {te 


ak for the firſt time, becauſe Ra will | 
not ſettle immediately, even in watery it maꝝ be far» 
ther corrected on the following days, by the abave 
method, with the ſun and clock and ſo n 
to a very great exactneſs. 

N. B. The rays t tranſmitted rough the hols 
will caft but a faint image of the ſun, even on a 
white ſcreen, unleſs the room be ſo darkened that 
no ſun-ſhine may be allowed to enter, but what: - 
comes through the ſmall hole in the plate, And, 
always, for ſome time before the obſervation ig 
made, the plummet ought to be immerſed in a jar 
of water, where it may hang freely; by which. 
means the line will ſoon become ſteady, which 
otherwiſe would be apt to continue ſwinging -. 

As this meridian line will not only be ſufficient 
for regulating of clocks and watches to the true 
mean time by equation tables, but alfo for moſt 
aſtronomical purpoſes, I ſhall ſay nothing of the 
magnificent and expenſive meridian lines at Bologna - 
and Rome, nor of the better methods by which 
aſtronomers obſerve preciſely. the tranſits . whe 
heavenly bodies on the wenden. 


LECT, XI. do ati; 


Shewing hols to calculate the mean time of am now „ 
or full moon, or eclipſe, from the creation 6, 6 _ : 
world to the year of CHRIST, 5800. | 


I computing the following tables for this pur. 0 
poſe, I have kept to the mean motions in Mr. 


1 s celebrated tables, publiſbed in che a 21 
tanſ- 


F 


The PRINT i N 800 Fall] Noone, bh 
Tranſa ions 35 but have altered the form, in ori 


der to bring them into as ſhort A compaſs as Poſs 
fible. SOT OF 


U 


2 5 * E C x P T 8. 
To od the me mean time of am ket or full moon in "a ma 


n . ond month OT” the TONY Era. 


7 If the. Such 3 Joi be found in the Geog 
* mn of the Table of the moon's mean motion from 
the ſun, under the title years before and after | 
CHRIST; write out that year, with the _ 
motions belonging to it, and thereto join the given 

month with its mean motions. But, if the given 
year be not in the table, take out the next leſſer 
one to it that you find, in the fame column; and 
thereto add as many compleat ears, as will make 
up the given year: then, join the given mau, F 
e all the reſpective mean motions. me 

2. Collect theſe mean motions into one Gena de 
bene, degrees, minutes, and ſeconds; remember- ? 
ing, that 60 ſeconds () make a minute, 60 mis 
nutes () a degree, 30 degrees (®) a ſign, and 12 
ſigns () a circle. When the ſigns exceed 12, or 
24, or 36, (which are whole circles) reject them, | 
and ſet down only the remainder. which, together 5 
with the odd degrees, minutes, and ſeconds already « 
ſet down, muſt be reckoned the whole ſum of the 
collection. G2 8 
3. Subtract the reſult or efiug of this collection, * 


from 12 ſigns; and write down the remainder. * 
Then, \ 


. , 
— 2 N 


„look in ka x radia Jorg, ( 
H. * che next t leſt n mean motions to 

d 
T 
J 
C 
ö 
f _ in common years, and alſo in Janua t 1 
| and F February 1 in | 
— FR 
| too late i in | 
5 : <a ba 3 N 8 f 
p $441 1 ; 
7 3 1 
* * ESP FO 5 4 


2 2 vs \ ; 5 ; 
483 : ; ; 8 * 6 2 HY 
| | | b * * : 8 W * 


ur and fil moe 


8 " W D Ve 9 e NM F, 1. E. I. 1. 0 * Cd ö 
Aid fe Nat lime e ew mann in, September 


1764 (a Near not inſerted in the table.) 
115 188 Nef 9715 "It Fe ** 1 1 N Moon from fun, 


26) ehr 6/0: tick nciht wade brett; Den 


To the year after . — 10 9 24 56 
Add compleat years 90 10 14 20 


9 


2 ; fp 77 * 55 


Ani hon Septhmbet ' — 1 LE 2.22 217 


88 N J Ns N 95 * N PF 


2 DIY 
4 > 1 


158 80 == 917.999 
1 for 36 days b. 30 16 57 34 


Next T7 mean mot. 1 2 bene, b. n tc 


1 
Remains the r mean mot. of 12 tee. 145 LY 5 s 


Theſe times; being collect 8nd 0 2 the 
mean time of the REA new mon in September 
1764. to be on the 26th day, at 2 hours 2 min, 
12 ſec. paſt noon. But, as it is in a leap-year, and 
after February, the time is one day too late. So, 
the true mean time is Sept. t the 2gthy at 2 m. 12 ſec, 
paſt. II in the afternoon. 

N. B. The tables always begin the day at noon, 
24 reckon '> the noon of the day 
following. To 


The, ſum of. Es A 15 1 12 oy 
Winch, FOR ſub. from : a A or 12 0 


ot $535 a 
® * 3 * * Tt I , 
” 9: % 


e * nd 7 ht 5 after 150 


in the former example) add & Mgns to the 


Ad com eat 


Remains the. mean. met. for 8 8 ſec... 


Fal Fe dete ee esd bn pt fo. 


* fun; for the beginning of the given Year; and 


month, and ſubtracted their ſum from 12 6.5 


ider, 
and then * in all reſpects as above. NN 


EXAMPLE. 
1 e, 4 176 64 


9 


1 55 n e LEY 
0 I LY Ih cle ft. 2409 
Ts See ce Gre bir 1755 19 24 40% 


en de od 142 
1 . aaa af $443. a 10 4 WL; hm M15 Ir 1 


To which Temainder add TY OM am 6 0 20 9 


— 
And the ſum will be 19 "_ 9 17 59 37 
Next leſs mean mot. for 11 days, abe + 4 5 54 


And there remains — — 3 34 4s 
Next leſs mean met. for y hours uber. 9 33 20 
— — — 


And the eealndr will bo 0 23 
Next leſs mean mot. for 40min. abe. 40 19 


r 


K. * 2 was Fe — * * 


Dd 2 


25 157 ph 7 


* 


8 time, ee to 5 rables, i 
the 11th of September, at 7 hours, 40 min. 8 kee. 
E75 von. J One So too mu n JE F ne 


Era. 


* 7 $ 4 3 'x C * > * 4 "4 a 745 5 4 2 i 6 
92 AS £5 + *- 4. Kt 1 . wa, » 49 $ 22:4 1 4 8 1 
4 q — * * * f c 5 . 


* + T & 


1 0 Ind the mean time I 's new or full moon in any 
- given Naur and month befare the Chriſtian: Ara. - 


we 51 eius. bits 


If the iven year before the year of CHRIST 
2 be. Rund in the ſecond. column of the table, un- 
der the title years before and after. CHRIS T, 
write it out, together with the given month, and 
Join the. mean motions. But, if the given year 
be not in the table, take out the next greater one 


to it that: you find; which being ſtill farther back 
than the given year, add as many, compleat years 


to it as will bring the time forward to the given 
year: then join the month, and propel | in LE re 


TT: ene. 


» 
* 


EY hs EXAMPLE W. 


Required the mean lime of new moon in is Moy the 
, ei 8 en * 1 W 5882 4 


** N 9 v N 


The next greater yeür in the table is 600; 
"which being 15 years before the given year, add the 
mean motions for 18 years to thoſe of 600, toge- 
thes with thoſe for the e of May. 


2 


F 75 4 | 1 To 


Arne 4 . Pr WW 2 


To th! year © bebe Chip 6 880 0 5 11 6 16 


Add compleat years mot. 15 23G:q O's 5 14 


And che _ mae, he . 5 25 23 


The whole Gan Þs; _ — — . 0 2 2 8 


| bY As Rk 
Leaves reinaibing — — — W497 4 


And akte rethatils M rea 05599 ra 3 
Next leſs mean mot. for 3 hours, ſub. 1 31 26 


And the remainder will be $99:107 970 3: B99 
Next leſs mean mor. for 3 min. ſub. 1 93. dig 


Rem. che mean mat. af * ſeconds . 


wy 
I ; A 1191 . 5A 8 
* * + 


So, then mean time, by the * was the 2gth 
of May, at 3 hours, 3 min. 14 ſec. paſt noon. A 
day later than the truth, on account of its being 
in a leap- year. For, as the year of CHRIST x. 
was the firſt after a leap- year, the year 585 before 
the year 1 was a leap-year, of courſe. 

If the given year be after the Chriſtian Æra, di- 

vide its date by 4. and if nothing remains, it is a 
leap- year in the old ſtyle. But if the given year 


was before the Chriſtian Era, (or year of CHRIST 


1) ſubtract one from its date, and divide the re- 
mainder by 4; then, if nothing! remains,” it ene 
leap- year; otherwiſe, f od 0319 ad 
wk b d 3 2 0 
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Of eclipſes. 


1. caleulation f . vl * 


1. a, whitda the fs is edlipſed- at the time of any 
: Sven change, or the moon at ony given full. 


From the Table of. the ſun's mean motion, (or 
 diftance) from the moos aſcending node, colledt the 


mean motions anſwering to the given time; and 
if the reſult ſhews the fun to be within 18 degrees 
of either of the nodes at the time of new moon, 
the ſun will be eclipſed at that time. Or, if the 
reſult ſnews the ſun to be within 12 degrees of ei- 
ther of the nodes at the time of full moon, the 


moon will be eclipſed at that time, Dear the oon · 


wry node : otherwiſe not. 


EXAMPLE IV. 


The moon changes on the 26th of September 1764, af 
2 b. 2 m. (neglecting the ſeconds) after noon. (See 


Example I.) Q. I beber _ (cpa will be eclips 


"ſea at that lime f 

Son Nes node. 
| . 
To the year after Cori bin , 1753 128 019 
Add compleat pow — 57 1 3 55 

n Toy 
4 September — — 4 12 22 49 
1.060498 7 7 OL. een . 
_= 2 hours — — — f 0.6.98 
& | {SUIS Pu Rona anime 


Sun's diſtance from the alten X node 


The calcul ation of ie 


Now, as the deſcending node is juſt oppoſite to The Um 
the aſcending, '(viz, G ſigns diſtant from it) and e 


the tables ſhew only how far the ſun has gone from 
the aſcending node, which, by this example, ap- 


pears to be 6 figs, 9 deg. 32 min. 34 ſec. it Is 1. 
chat he muſt be eclipſed; K then © OY, 9 25 


* ſhort pf, che en node. 


EXAMPLE. EY 


7 be moon will be ful on the : I th of Sep 


at 7 bours 40 min. paſt noon. (See 
NW. Wether * will be ae at that time ? 


G / nn yu from acide 
. 

To the 3 Cris birth 1753 1 28 0 19 
Add plant years — 75 2 3 56 

(ſum. _— 7 6x. 

September — — — 8 12 22 49 
"S , e db, MR 
1} 7 hours — — 18 11 
4 $9 minutes 8 — 


4 4 
8 RA A. 


_—_— — * — e 3 


Sun's diftance from the ae node 's 24 1 12 28 


„Which being fubtraRtes from 6 ſigns, wy only 

5 47 32 remaining: and this being all the ſpace 
that the ſun is ſhort of the deſcending node, it is 
plain that the moon muſt then be' eclipſed, be- 


aul n is no vo after from the FROFAIT, node, 
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EXAMPLE vi 


Whether the fun Was eclipſed © in Mey, the ear 
ve CHRIST 5852 ng e e vs Hd 


"4 Y * N * N 


4 © Tt 


Sun Goin hed 


$ . 


To the year before Chjiit1666 ↄ — 9 923 51 
Add the mean mot. of 15 — years 9 19 27 49 
(Mig. =>, e 


3 hours — — — 7 48 
"2 min. (neglecting the ſeconds) 3 


Sun diſtance from the aſc. node 50 0 3 44 43 


* 


Wich — ks than 18 EY ſhews that 
the ſun was eclipſed at that time. 


Dales This eclipſe was foretold by 7 hales, and appears 


Ne e. 


tween the Medes and Lydians. 


wen he times of the ſun's conjunction with the nodes, 
_—_ and conſequen tly the eclipſe-months of any given 


year, are eaſily found by the Table of the ſun's mean 


motion from the moon's aſcending node; and much in 
the ſame way as the mean conjunctions of the ſun 
and moon are found by the table of the moon's 


mean motion from the ſun. For, collect the ſun's 
mean motion (which is the ſame as his diſtance 
gone) from the moon's aſcending node, for the be- 


Einning of any given years and ſabera$d' it from 12 


ſigns 3 


29 days — — — — 1 0 L 4.1 


to be the eclipſe which put an end to the war be. 


Jo find'whe — 405; 
f ſigns; ; then, from the remainder, ſubtract the next 
jeſs mean motions belonging to whatever month you 
find them in the table; and from their: remainder 
ſubtract the next leſs mean motions for , 8 
ſo on for brurs and minutes: the reſult of all which 
will ſhew the time of the ſun's mean conjunction 
with the PAY node of the moon' s orbit. 


A. + 


EXAMPLE: VII. 10 


Required the time of the ſun's ere, hal "oy 
aſcending node in the year 1764? 


OE IRE ND Sun Gol — 


A $4.40 


To the year hin Chrif's birth 17 5 3 1 28 0 19 
Add compleat years e 14 8. & "© 3b 


Mean diſt. at begin. of A.D. 2964... 9 0. 4 15 
Subtr. this d um a circle, or = 5 0 0 


And there remains . nn ee e 2 29 5, 45 
Next leſs mean motion for March ſubt. 1 b 39 


And the remainder will be "Wd 37 25 285 39 * 
Next leſs mean mot. Kerry ſole. 0 28 2 * 


1 And there. 1 remains — — == 432 gg 
Next leſs mean mot. for 14 hours, ſubt. 9936 81 


Rem. (earl) the mean mot. of 5 min, 5 : 15 5 13 
3 it appears, chat the fon will daß 5 the 


moon s aſcending node on the 2th of March, at 14 
hours 


hours g minutes paſt noon; vis on the 28th ly 
a $ minutes after II. in the morning, according to 
the tables: but this being in a leap · year, and after 
February, the time is one day too late. Conſe 
quently, the true time is at 5 minutes paſt IL in the 
morning on the 27th day; at which time, the de- 
ſcending node will be directly oppoſite to the ſun. 
If 6 ſigns be added to the remainder ariſing 
from the firſt ſubtraction, (viz. from 12 ſigns) and 
tben the work carried on as in the laſt example, the 
reſult will give the mean time of the ſun's con- 
JO TR the deſcending node. Thus in 


"RAMNPLE VII. \ 


_ be required to find whey the ſun will be in con- 
Kian with the deſcending node in the year 1 764? 


Sun from node. 


| 3 5 N 
To the year after Chriſ's birth 1753 128 0 19 
Add compleat years — — 7 2 356 
Mean diſt. fr. aſc. nod. at beg. of 7764 9 0 415 
Subtr. this diſtance from a circle, or 120 0 o 
And the remainder will be — 2829 55 45 
To which add half a circle, or — 6 o O o 
And the fum will be — — 8 29 55 45 
Next leſs mean mot. for Septemb, ſubt. 8 12 22 49 
And there remains — — — 017 32 56 
Next leſs mean mot. for 16 days, ſubt. o 16 37 4 


And the remainder will be — 91722 H4"6Y 
Next leſs mean mot. for 2 1 hours, ſubt. 54 32. 
Rem.(nearly) the mean Moe 31 min. 1 +1; bd 


3 Bu SET | . 0 80 


80 z — to ay tables; the ſun will be 
in conjunction with the deſcending node en be rech 
of September, at 21 hours 37 minutes paſt noon: 
one day . _ ihe youth; ON. account of he 
leap- year. Sci A 9:5 nn 

When the moon. changes wiahles 18 days ert, limits 
or after the ſun's conjunction with either of the of . 
nodes, the ſun will be eclipſed at that change: 
and when the moon is full within 1a days before or 
after the time of the ſun's conjunction with either 
of the nodes, ſhe will de eliphed mw \ pond an, v7 
otherwiſe not. * ONTO; 

If to the mean time of any eclipſe either of Their pe- 
the ſun or moon, we add 557 Julian. yeaps, 21 — 2 
days, 18 hours, 11 minutes, and 51 ſeconds,” (in 
which there are exatly 6890 mean lunations) we 
ſhall have the mean time of the return of that 
eelipſe. For, at the end of that time, the moon 
will 44 either new or. full, according as we add it 
to the time of new or full moon; and the ſun will 
be only 45 farther from the ſame node, at the end 
of the ſaid time, than he was at the beginning of 
it; as agpears by che following RAW . 10 | 

6 

* Dr. Hatiey's * of ealiples contains only 18 years, 
1 days, 7 hours, 43 minutes, x5 ſeconds ; in which tie, gc- 
cording to. his tables, there are juſt 22g mean lunations: But, 
as in that bins, the ſun's mean motion from the node is no 
more than 11“ 29 317 49“, which wants 28“ 11“ of being a 
nearly in conjunction with che ſame nods at the end of the pe- 
ried as it was at the beginning; this period can be of no long 
duration for finding eclipſes, becaufe it will in time fall quito 
2 their limits. The following tables make this * E 

| econ 


+ 
— ——— ——— — — ä́ t— — — — ——ỹẽÜ 


—— — 2 —— — — 2 eee OS OA —ñx —— - eye e*;”; 
E - 


” 
* 
—— —— ·—ͤ——à—4ä IO» - 


* n TRY 
——“ I . ———— —ñ—ä6) 
2. — 4 
1 8 - by 


— R—— — t — meats 
— = — — — — 
32 — * 


—— — 


— — n — + 4 — * — 1 _ = — 
— — — = - nd ma - ————— — ——— n 
— ——— — Ons . 
m : — K — — — — — 
2 K Ps — 2 - A, 1 oo = * hott 4 


— 


— —— — — 
— 2 — 
2 4 


Y Y , n 
— * 


rr 


We eres end fern 7 We 


The bee. 


£1 FF # 3 4 {1} 
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Moon fr. 4 Sun fr. node, 


? *s 


NOS $2," F gs e, 
Chant: $002 5 32 47 — 10 14 45 8 
n 26 50 37 — 1 23 58 4g 
0 Tens 1 17 — 3 2 21 39 — 10 28 40 55 
days 21 —8 16 0 21 — 21 48 38 
hours 18 — 9 8 35 — 46 44 


" minor } 5 35 29 
ſeconds 51 18 46 — 2 
Penn motions 0 0 oO 0 — o o o 45 


And this period is ſo very near, that in 6000 
years it will vary no more from the truth; as to 
the reſtitution of eclipſes, than 8+ minutes of a 
degree; which may be reckoned next to nothing, 
It i is the ſhorteſt in which, after many trials, I can 


find fo near a co- incidence of the ſun, moon, and 
the ſame : node. wt 235 


2 
3 1 | feconds Kotter, as appears by the followin g calculation. 
The period, Moon from ſun. Sun from node. 


Com! years 1 11 59 An 17 46 16 
3 1 A OR 4 "uy 1 th 
I 


hours 75 —— 3 33 20 —— 11 
min. e by 
. > . Fl enen 2 — 


Mean motions'© o o O — 11 29 31 49 
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1» 1181 5 22 4 1413) 85 272 


200 5905 2 50 21 11 


400 11812 1 42 


zo] 385 22 1 4000 114 22 12 


50[ 1476 12 42 35 186314 
100 2953 1 25 10 35] Days 


This table! is made by the continual ad addidion of 1 men ha 
tan VIZ. * 120 4 8 2 217 14” 24% of, 


Lun, Dey. H. . 0 8. Thi g 
e 
n 4 th e ae. 
| 36 minutes, 
31 © 88 4 1 9 190 . 
4 8 118 2 56. 12. 204 3 hours, ao 

, '6] 77 = 4 * 18 7 * 30 ec . 
71 206 17 8 21 44] 
| 236 5 52 24 $1 Pape ner 
of 205 18 36 27 ö 

101 295 3 7 20 31 ö 
20 590 14 41 2 1 


300] 8859 4 15 31 


J 14765 7 5 52 
1000 29530 14 11 45, 


| 2000] | 59061” 4 "23 „ „ 
|- 3000] 880% 18 35 17) 42] gb ok 
| 4000] 118122 8 47 3 30 wh . uted 
| $5000] 147652 22 58 49 30 che mean time 
4 10000} 295305 21 57 39 6 [nog in January, hor 
| 20000] 590511. 19 136... 28. iven year, it is 
| 30000] 885917 17 52 57 © 4 this Table to 
401181223 Fo 50 36 Of find the mean time of 

500001476529 13 48 15 new moon in January 
10000 2953959 93 35 11 Of for any number of 
1 — years afterward: and 
by means of a ſmall. table of lunations for 12 or 13 months, 
ie make a general table for finding the mean time of new or 
R TT | 
A : D. . M. 8. Th. 
4... Jn it lunations there are 324. 20 4 34 10. | 
4 In12 lunations — 354 8 48 37 16. 
n 13 lunations — 21 32 40 23. 
But then it would be beſt to begin E year with March, to avoid 
che inconvenience of Nr a Fo 0 aaa in whats. | 
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A Table : of t the be furs mean motion 3 


The 4008th year bef. the y. of CnRISsT 18 


0 * 
hd Sun from * | ll = mf Sun from node, l | 
Tomi, „ „ 

i 2 7. 6 17 off „7 2 3 56 
| 4 Q& II 4. $5] a2} 7 22 14 39 
1008 2 3000 9 -20: 35 if {in| $ 12 17 j:2t 
=. 2000] © 10 5 28 149 © 22 25 
G 0 3 9.35 3 1519 19 27 oof 
& 900| 7 24 32 48 16110 9 35 31 
© '800]0 9 29 4811 a7jlo 28 40 5| 
J 700| 4 24 26 49 | 18|11 17 46 18 
60009 9 23 514 wo 6 51 43 
2 50 1 24 20 53 2% 26 59 2 
2 1000 6 9 17 54 40/1 23 58 49 
$ 3co[10' 24 14 56 60| 2. 20 58 13 
20003 9 11 58 80 3 17 57 37] 
— 1007 24 8 59 100 4 4 57 „ 
1% 9 6 1 20 8 29 54 3 
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> 20119 9 oo 4 41005 29 48 7 
F 301% 23 57 6 5ooſio 14 45 8 
4016 8 54 8 1000 8 29 30 17 
© Sorſo 23 f 2 200o|5. 29 „ 
5 10019 8 36 18 2000] 2 28 30 50 
3 1701] 4 23 15 30] 400011 28 1 6 
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| | Compleat | Sun from node... | 
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8 2 110 190 5 23 Mar. 2 1 16 39} | 
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